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In the town of Khairpur 
Nathan Shah, Pakistan, 
a man stands in water 
from the 201 0 floods that 
left about one-fifth of the 
country inundated. 
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106 Treading Water 

Rising seas around Fiorida foreteil what climate change may eventuaiiy do to 
other COastiines — and economies. By Laura Parker Photographs by George Steinmetz 
Proof I Drowning World A photographer concerned about ciimate change 
depicts flooded-out iives across the giobe. story and Photographs by Gideon Mendel 



30 54 



The Invisible War 
on the Brain 

Blast-force brain injuries 
plague untold thousands 
of U.S. soldiers. 

By Caroline Alexander 
Photographs by Lynn Johnson 



Pure Hawaiian 

The onetime sport of 
island chiefs, surfing 
binds Hawaiians to 
their cultural identity. 

By John Lancaster 
Photographs by Paul Nicklen 
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Mighty Mites 

Mites crawl and breed 
in the strangest places. 
Some set up shop on 
bodies. Like yours. 

By Rob Dunn 
Photographs by Martin 
Oeggerli 
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Paradise Found 

In Gran Paradise, Italy’s 
oldest national park, the 
aim is to balance culture 
and conservation. 

By Jeremy Berlin 
Photographs by Stefano 
Unterthiner 



On the Cover Marine Gunnery Sgt. Aaron Tam (Ret.) holds the mask he made in an art therapy class for service members and veterans with traumatic 
brain injuries and psychological conditions. Photograph by Lynn Johnson \ Corrections and Clarifications Gotongm.com/more. 
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FROM THE EDITOR 

Healing Our Soldiers 



The Art of Recovery 



Air Force Staff Sgt. Robert “Bo” Wester (Ret.) was an explosive ordnance 
disposal technician in Iraq. He faced hundreds of lEDs without incident 




A longtime Army 
flight medic, 
Perry Hopman 
suffered blast- 
force injuries 
while caring for 
other soldiers. 



and a few with grievous consequences. “Most of my injuries are invisible, 
and the rest are hidden,” he says. Army Maj. Jeff Hall (Ret.) was 35 feet 
from a car bomb when it went off in a crowded marketplace north of the 
city of Baghdad. He didn’t lose his arms or his legs or suffer visible wounds. 
But “I am just not the same human being as I used to be,” he says. 

Brain injuries caused by the shock waves generated 
by explosions have become the signature injury of the 
Afghanistan and Iraq wars, leaving hundreds of thousands 
of U.S. soldiers and veterans with a life-altering list of de- 
bilitating conditions, including headaches, seizures, sleep 
disorders, and memory and cognitive difficulties. The range 
of symptoms and their similarity to PTSD can complicate 
diagnosis and treatment. It’s a mystery that has dogged 
soldiers and scientists since World War I, when exploding 
artillery shells left men “shell shocked.” 

Even today “there is no consensus within the medical 
community about the nature of blast-induced injury or by 
what mechanism blast force damages the brain,” Caroline 
Alexander writes in this issue. “As of now, the only wholly 
reliable method of directly examining the biological effects 
of blast force on the human brain is autopsy.” 

Which doesn’t do much for vets like Wester and Hall, 
who struggle daily. If there isn’t a cure, at least there are 
ways to cope. At Walter Reed Medical Center in Bethesda, 
Maryland, soldiers at the National Intrepid Center of 
Excellence paint masks that help them reveal their inner 
feelings. Some were initially dismissive: “Number one. I’m 
a man, and I don’t like holding a dainty little paintbrush. 
Number two. I’m not an artist. And number three. I’m not in kindergarten,” 
said Army Staff Sgt. Perry Hopman. Today he says, “I was wrong... I think 
this is what started me kind of opening up and talking about stuff and actu- 
ally trying to get better.” 

Major Hall agrees. He painted a gruesome, bloodstained mask— part of 
the skull missing, brain exposed. “I had seen a person who looked like this,” 
he explains. “I don’t know why, but that’s what needed to come out of me.” 

The artwork, he says, is a silent testimony to pain that speaks volumes 
yet has the capacity to heal. “You can’t put it into words that people will 
believe, or if you do put it into words, they get tired of it. But the art just 
expresses itself. It relieves the soldier, because you get tired of trying to 
explain what is going on in there. The artwork is like a printed page— it is 
there if you want to read it.” 

We invite you to read our soldiers’ masks and the stories they tell. 



Susan Goldberg, Editor in Chief 
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Hog Deer (Axis porcinus) 

Size: Head and b<xJy length, 120 • 127 cm (47 3 • 50 inches); shoulder height, 66 • 74 cm 
(26 • 29 inches) Weight: 32 - 50 kg (80 - 1 10 lbs) Habitat: Generally associated with tall 
grasslands in riparian areas or near coasts Surviving number Unknown; populations declining 
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Wildlife as canon sees it 



Eater and eaten. A prodigious consumer of grass, 
the hog deer also enjoys snacking on fruit, such 
as the luscious plums of the Indian Jujube. 
Typically foraging during the day, it switches to 
nighttime when the weather is hot or in areas 
where it is often hunted. And the short, squat 
deer does find itself a frequent target; it is a 
favored prey of tigers and leopards, and is also 



pursued by humans for the bush-meat trade. 
Even its habitat is being eaten up due to 
cultivation, making the task of everyday survival 
more and more difficult all the time. 

As Canon sees it, images have the power to 
raise awareness of the threats facing endangered 
species and the natural environment, helping 
us make the world a better place. 
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r 1 r Hoop skirts and hair shirts, 
togas and T-shirts . . . read 
the history of the world 

the engaging lens 
of fashion. Why'd They Wear That? 
looks at what people wore through the 
ages to reveal the social, cultural, and 
economic fabric of the day. 



By Sarah Albee 
with a foreword by 
Project Runway’s Tim Gunn 



Why did ancient warriors 
wea r fis h n et stocl^n^s? 

Mow did the automo*bile 
drive |as1iion? 

What started the 

corset craze? 



Read these 
fascinating stories 
and more! 





Little Lord Fauntleroy, 
the popular novel of 
1886 , started a mad 
fad among middle- 
class mothers. Boys 
seemed to universally 
hate the fashion. 
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3 Questions 

Nominate someone for 3 Questions at nationalgeographic.com/3Q. 



Why I Care About 
the New Wild 



M. Sanjayan is a conservation biologist and an executive vice 
president of Conservation International. He’s also host of the 
National Geographic-produced television series EARTH: A New 
Wild, premiering February 4 on PBS. Sanjayan traveled to 1 5 
countries over five years to shoot the five-part documentary. 



WHAT DO YOU MEAN BY YOUR SHOW’S TITLE, 

A NEW WILD? 

The new wild is the realization that we humans are 
part of nature and that saving nature is really about 
saving ourselves. Nature isn’t something out there, 
far away. It’s living, breathing. It’s part of us. 

WHY IS THIS NEW WILD SO IMPORTANT? 

I love nature. I live in Montana; I grew up in Africa. 
Wild places are almost places of worship for me. But 
love alone isn’t enough to save them. And in some 
cases, as we show in the program, when nature is 
taken off track, the consequences for human life are 
epic. I don’t think people quite get that. If we did, 
we wouldn’t make the decisions we do. 

SO IS THERE 7INYTHING THAT GIVES YOU HOPE? 

In this show we discover stories where there is a way 
out. We showyou, front line, when giant pandas— one 
of the rarest animals on the planet in one of the most 
crowded places on the planet— go back into the 
wild. You see how communities in Bangladesh still 
manage to tolerate tigers— animals that kill their 
family members. In Austin, Texas, the whole city 
celebrates bats. In New York Harbor oysters are 
coming back to life in the shadow of skyscrap- 
ers. I’m left with a sense of optimism that 
when you understand nature, you absolutely 
can harness that power to make both nature 
and our lives better. 



Episodes of EARTH: A New Wild will air at 
9 p.m. and 10 p.m. ET, February 4, and 10 
p.m. ET on February 11, 18, and 25 on PBS. 

PHOTO: REBECCA HALE, NGM STAFF 
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Your dog shares the spirit of the wolf. 
And his love for meat. 




BLUE Wilderness® is made with more of 
the chicken, duck or salmon dogs love. 

All dogs are descendants of the wolf, which means they 
share many similar traits — including a love for meat. 

That’s why we created BLUE Wilderness. 




Made with the finest natural ingredients, BLUE Wilderness 
is formulated with a higher concentration of the chicken, 
duck or salmon dogs love. And BLUE Wilderness has none 
of the grains that contain gluten. 

If you want your dog to enjoy a meat-rich diet like his ancestors 
once did, there’s nothing better than BLUE Wilderness. 

WildernessPets.com 

Love them like family. Feed them like family.® 
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Vine on 
the Run 



PHOTO: ANDY ANDERSON 
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In its own destructive way, kudzu is impressive. A relative of the pea, the vine 
was introduced to the United States from Japan in 1 876 to create quick shade 
and stabiiize soii. But its growth is so fast— up to a foot a day— and undiscern- 
ing that it carpets trees, iight posts, and even buiidings. Across at ieast 20 
states, thousands of square miies of fieid and forest have disappeared under it. 

New research suggests kudzu may be doing stiil more damage. Scientists 
at Ciemson University report it may acceierate ciimate change by decreasing 
carbon stored in the soii of the native-piant ecosystems it overruns (such as 
the Mississippi woodland seen here). The carbon ioss happens mostly in top- 
soii and occurs over decades, says weed ecoiogist Nishanth Tharayii. Previous 
studies have shown that kudzu may aiso reiease other greenhouse gases. 

The question that matters most: Can the vine be stopped? Whiie herbicide 
makers try to catch up to the speedy pest, gardeners can aiways kiii it the 
oid-fashioned way, by digging up the plant’s roots. —Daniel Stone 
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The number of traditional British 
pubs (like the circa 1967 London 
“local” above) is declining. But 
drinkers, take note: An average of 33 
new drinking establishments a week 
opened in the U.K. in 2014, accord- 
ing to the food and drink consulting 
firm CGA Strategy. 



Pub Abundance in Great Britain 

Number of pubs 



1980 

69,000 



2012 

49,433 



Last Call 
for Pubs? 

Like the French cafe, the British 
pub is more than a watering 
hole. It’s what regulars call a 
home away from home— and 
a social institution that can 
anchor a community. 

But for how much longer? 
U.K. pub numbers, dwindling 
for decades, are now in free 
fall. Since 2008 about 7,000 
have shuttered or been sold 
off to developers— and each 
week 31 more close, says Neil 
Walker of the consumer group 
Campaign for Real Ale. 

Changing tastes, eco- 
nomics, and laws, along with 
supermarkets selling cheap 
beer and more restaurants 
serving alcohol, have all 
spurred the decline, says pub 
advocate John Longden. The 
result, he says, is “fewer pubs 
but more places to drink.” 

Most U.K. “locals,” as 
they’re known, used to belong 
to breweries, says author and 
historian Paul Jennings. Then 
a 1989 antimonopoly law gave 
pub companies control. Some 
say these “pubcos” make 
changes that trample tradition; 
others argue that they foster 
needed diversity by changing 
the pub landscape. 

Could variety pour life 
back into pubs? “If pubs 
don’t mirror the social and 
economic changes of their 
community,” says Longden, 
“they’re dead.” —Jeremy Berlin 



PHOTO: DAVID HURN, MAGNUM PHOTOS. GRAPHIC: EMILY M. ENG. NGM STAFF 
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For pationte t2 years and o4d«r whose asthma is not well controlled on a long-tenn asthma medicine or whose disease severity warrants 




IMPORTANT INFORMATION ABOUT SYMBICORT 

Important Safety Information About SYMBICORT 
SYMBICORT contains formoterol, a long-acting belaj-adtensrglc 
agonist (LABA). LABA medkines such as formoterol liKrease 
the risk of death from asthma problems. It is not known whettwr 
budesonide. the other medidna in SYMBICORT. reduces the risk 
of death from asthma problems seen with formoterol. 

• Call your health care provider If breathing problems worsen over 
time while using SYMBICORT. You may need different treatment 

• Get emergency medical cere Ih 

o B'estning problems worsen quickly, and 
o You use your rescue inhaler medklne. but it does not releve 
your breathing problems 

SYMBICORT should be used only If your health care provider 
decides that your asthma Is i>ol well controlled with a long- 
term asthma control medidna, such as an krhel s d corticosteroid, 
or that your asthma is severe errough to begin treatment 
with SYMBICORT. 

If you are taking SYMBICORT, see your health care provider f 
your asthma does not Improve or gets worse. It is important that 
your health care provder assess your asthma control on a regular 
basis. Your docto' w II decide If it is possibis tor you to stop taking 
SYMBICORT and start taking a long-term asthma control medicine 
without lost of asthma control. 

Children and adolescents who take LABA medicmes may have an 
Increased risk of being hospitalized for asthma problems. 
SYMBICORT does not replace rescue Inhelers for sudden symptoms. 
Be sure to tell your health care provider about at your health 
conditions, induding heart condltiont or high blood pressure, and 
all medicines you may be taking. Sorrre patients tak ng SYMBICORT 
may axperianca Increased bdod pressure, heart rats, or change in 
heart rhythm. 

Oo not use SYMBICORT ntorc often than presenbed. While taking 
SYMBICORT, never use snolher medidna containing a I ABA for arry 
reason. Ask your health care provider or phermaclst If any of your 
other medicines are LABA medicines 
SYMBICORT can cause serious side effects, including 

• Pneumonia and other lower respiratory tract Infections. 

People with COPO may have a higher chance of pneumonia 
Cal your doctor If you notice any of the following symptoms: 
change -n amount or color of mucus, fever, chills. Increased 
cough, or Increased breathing problems 



• Serious allergic reecttona Includittg rash, hives, swelling of the 
face, mouth and tongue, and breathing problems 

• Immune system effect and a higher chance of Infection. 

Tell your health care provider If you think you are exposed to 
Infections such as chicken pox or rrreasles. or If you have any signs 
of infection such as fever, pain, body aches, chills, feeling tired, 
nausea, or vomiting 

• Adrenal Insulfklarrcy. This can happen when you stop taking oral 
corticosteroid madicinas and start mhalad corticosteroid medklna 

• Using too much of a LABA madklna may cause chest pam. 
Increase In blood pressure, fast and kregular heartbeat, headache, 
tremor, or nervousness 

• bKfeased wheezing right after taking SYMBICORT. Always have 
a rescue Inhaler with you to treat sudden wheezing 

• Bye problems Including glaucoma and cataracts. You should 
have regular eye exams while using SYMBICORT 

• Lower bona mineral density can happen In people who rtave a 
high chance for low bona mineral density (osteoporosis) 

• Slowed growth in children. A child's growth should be checked 
regularly while using SYMBICORT 

• Swelling of blood vessels (signs Include a foaling of pins arid 
needles or numbness of arms or legs, flu like symptoms, rash, 
pain or swelling of the sinuses), decrease In Mood potassium 
end itKraose In Wood sugar levels 

Common skle effects In patients with asthma trckide nose and 
inroat krttetlori. headache, upper respiratory tract Infection, 
sore throat sinusitis, stomach discomfort, flu. back pain, nasal 
congestion, vominng, and thrush m the mouth and throat 
Approved Uses for SYMBICORT 

SYMBICORT 8(V4.5 and 160M.5 are medicines for the treatment of 
asthma for people 12 years and Oder whose doctor has determined 
that iher asthma is not wel controlled with a long-term asthma 
control medcina such as an inhaled coriicostefoid or whose asthma 
is severe enough u> begin treatment with SYMBICORT. SYMBICORT 
IS not a trealrrveni for sudden asthma symptoms 

Please see Important Product Information on ad)ocent pag# and 
discuss with your doctor. 

You art encouroged (o report negodve sWe effects of 
prescriptfon drugi to the FDA. Vlait www.Mo-gtyv/mtdwatch 
or coif 1-SOO FOA tOSS. 
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IMPORTANT INFORMATION ABOUT SYMBICORT 



Please read this summary carefully and then ask 
your doctor about SYMBICORT. 
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WHAT ARE THE POSSIBiE SIDE BTECTS 
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Will you help save big cats, 
preserve ancient civilizations, and 
protect our precious oceans? 

By including National Geographic 
in your estate plans, you’ll share 
in Alexander Graham Bell’s 
vision of preserving our planet for 
generations to come. 

The gift of your legacy will empower 
the world’s leading scientists 
and explorers to make great 
discoveries. Imagine the difference 
your support could make. 



Alexander Graham Bell with his grahdson Meiville. Beinn Bhreagh, Nova Scotia. Copyright © 2014 National Geographic Society 
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What will your 
legacy be? 



Alexander Graham Bell Legacy Society 



Yes, I would like to become a member of the 

Alexander Graham Bell Legacy Society. 

I have already included National 

Geographic in my will or estate plans 

I am interested in receiving a copy of the 

Exploring Your Legacy planning brochure. 

CONTACT iNFORMATION 

Tel: (800) 226-4438 • Email: plannedgiftinfo@ngs.org 
Website: www.nationalgeographic.org/legacy 



NAME 



ADDRESS 



CITY STATE ZIP 



PHONE EMAIL 

PLEASE RETURN THIS COMPLETED FORM TO 

National Geographic Society 
Office of Planned Giving 
1145 17th Street, N.W. 

Washington, D.C. 20036 



The National Geographic Society is a 501 (c){3) tax-exempt organization. Our Tax ID number is 53-0193519, 



15PGFC02B. 
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Science 




Climate 
Change and 
Contrails 



When water vapor in hot aircraft exhaust hits very coid, moist air, it freezes. That 
creates white contraiis, which can spread into wispy cirrus ciouds with ciimate 
change potentiai. Some refiect the sun’s heat before it reaches Earth’s surface, 
for a cooiing effect. But overali, contrail cirrus ciouds trap heat and, by one esti- 
mate, contribute more to warming than aircraft carbon dioxide emissions do. 

Pianes couid be rerouted to avoid contraii-inducing weather, a study in Environ- 
mental Research Letters found, in one case, a 1 3.7-miie detour in a transatiantic 
fiight eiiminated a contraii 62 miies iong and the ciouds it wouid have spurred— so 
even counting extra emissions from the detour, the fiight resuited in iess warm- 
ing. Nonetheiess, no one suggests rerouting pianes yet. Forecasters can predict 
contraii formation, says study author Emma irvine— but whether the forecasts are 
accurate enough to justify fiight adjustments is stiii up in the air. —Alison Fromme 



PHOTO CREDITS: GO TO NGM.COM/CONTRAILS 









^ Great 
T Courses* 



Explore the Dynamic 
Relationship between 
Culture and Place 

Over the past 10,000 years, humans have transformed 
planet Earth — yet the planet has also influenced human life 
in myriad ways. 

Understanding Cultural and Human Geography takes 
you on an interdisciplinary voyage across time and around 
the world to consider the dual nature of our relationship 
with “place.” Professor Paul Robbins of the University 
of Wisconsin-Madison draws insights from ecology, 
anthropology, economics, geopolitics, and more to show 
you the underlying structures of the world. Understanding 
global trends and connections — from environmental 
changes such as deforestation to the way money and labor 
slosh around the globe — will give you new insights into the 
story of human civilization. 

Offer expires 02/26/15 

TheGreatCourses.com/5ng 

1-800-832-2412 



Understanding Cultural 
and Human Geography 

Taught by Professor Paul Robbins 

UNIVERSITY OF WISCONSIN-MADISON 
LECTURE TITLES 

1. Writing the Worid— The Mapmaker’s Craft 

2. The Probiem with Geographicai Determinism 

3. Anthropocene— The Age of Human Impact 

4. Climate Change and Civilization 

5. Global Land Change 

6. The End of Global Population Growth 

7. The Agricultural Puzzle 

8. Disease Geography 

9. Political Ecology 

10. Economic Geography— Globalization Origins 

11. The Columbian Exchange 

12. Uneven Development and Global Poverty 

13. The New Global Economy 

14. Restless Humanity— The Migration Conundrum 

15. Urbanization— The Rise of New World Cities 

16. Geography of Language 

17. Understanding Cultural Geography 

18. The Importance of Place 

19. Cultural Commodification 

20. Culture, Power, and the Politics of Meaning 

21. The Geopolitical Imagination 

22. Regionalism and the Rise of New States 

23. Supranationalism— Taking on Big Problems 

24. Future Geographies 



Understanding Cultural and Human Geography 

Course no. 1761 I 24 lectures (30 minutes/lecture) 
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SAVE UP TO $190 



DVD $2SS.9b NOW $79.95 
CD $103.9b NOW $59.95 

+$10 Shipping, Processing, and Lifetime Satisfaction Guarantee 

Priority Code: 108550 



For 24 years, The Great Courses has brought 
the world’s foremost educators to millions who 
want to go deeper into the subjects that matter 
most. No exams. No homework. Just a world of 
knowledge available anytime, anywhere. Download 
or stream to your laptop or PC, or use our free 
mobile apps for iPad, iPhone, or Android. Over 500 
courses available at www.TheGreatCourses.com. 
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Planet Earth: By the Numbers 



Fleeing 

Disaster 

Torrential rains, typhoons, and 
floods force millions from their 
homes every year. Those who live 
in poverty are the most likely to be 
displaced. In the past 40 years the 
urban population of developing 
countries has grown more than 320 
percent, putting even more people 
in potential paths of destruction. 

Climate change is expected to 
make extreme weather worse and 
more frequent. Political conflicts 
and natural disasters such as 
earthquakes are compounding 
issues. Says Michelle Yonetani 
of the Internal Displacement 
Monitoring Centre, “We are in- 
creasingly talking about crisis 
in the plural.” —Kelsey Nowakowski 



A GLOBAL LOOK 



CLIMATE DISASTERS* 

The number of events has risen, in part due 
to population growth and better reporting. 

400 




1970 2013 



TYPHOON HAIYAN, PHILIPPINES 



In November 201 3 Haiyan, the largest typhoon to make landfall ever recorded, hit 
the Philippines, killing 6,200 people. With more than 7,000 islands and located on 
the Pacific Ring of Fire, the country is vulnerable to natural hazards. 



NUMBER OF TROPICAL STORMS AND TYPHOONS IN THE PHILIPPINES 
15 
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^ Typhoons with maximum 

I sustained wind speeds of 

I I more than 120 miles an hour 

■ til ' 

mil I II 
oiiiiiiii I I itiii II 111 li 

T I I I 

1970 1980 1990 2000 



11 



lill 

i i 

2010 2013 



POPULATION 

Since 1970, the Philippines has been on track to triple its population 
by 2020. More than half its people live in flood-prone areas. 

1970 

MftfM 36 million 

2013 

15% 

OF FILIPINOS LIVE IN LOW-ELEVATION COASTAL 
ZONES (LESS THAN 33 FEET ABOVE SEA LEVEL) 



DISPLACED PEOPLE 



CLIMATE-RELATED DISASTERS IN 2013 
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PEOPLE WERE FORCED FROM 
THEIR HOMES BY CLIMATE- 
RELATED DISASTERS IN 2013. 






Weather-related events such as floods and storms accounted for 94 percent of all 
disaster displacements, geophysical events such as earthquakes, 6 percent. 




'Includes events that met one or more of these criteria; 1 0 deaths, 1 00 people 
affected, declaration of state of emergency, call for international assistance 
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PATH OF DESTRUCTION - 

In the'af?f£; ^^6fe"4lSf*^yph^^T> hlaiyan, 

24 percejyof the[;>5rrtg^were made of bamboo. 



Only 1 6 percei?': w^rc- 



3 of ston^^ooncrete. 
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Damaged houses 
per municipality 
as of November 22. 2013 

■ More than 10,000 
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WHERE WILL THEY GO? 

A year after the typhoon, 
thousands of displaced people 
were still uncertain about 
where they would live. 



DECEMBER 2013 

4,1 




NOVEMBER 2014 




0,9 m 

PEOPLE DIDN’T KNOW 
IF THEIR HOMES 
COULD BE MADE SAFE 
TO LIVE IN AGAIN. 



MOST AFFECTED 

Averages, 2008-2013 



60% OF THE 
WORLD’S PEOPLE • 
LIVE IN ASIA... 




BUT THEY ACCOUNT FOR 
80% OF THE WORLD’S 
DISPLACED PEOPLE. 




TOPS WEATHER 
EVENTS THAT 
DISPLACED THE 
MOST PEOPLE 
IN 2013 
All of the top 
1 6 events 
were in Asia. 




CHINA 

Floods 

PHILIPPINES 
Typhoon Halyan 

PHILIPPINES 
Typhoon Trami 



INDIA - ■ BANGLADESH 

Floods Cyclone Mahasen 



GRAPHIC: ALVARO VALlKlO. MAP: JEROME N. COOKSON, NGM STAFF. SOURCES: INTERNATIONAL BEST TRACK ARCHIVE FOR CLIMATE STEWARDSHIP: UN 
OFFICE FOR THE COORDINATION OF HUMANITARIAN AFFAIRS; PHILIPPINES DEPARTMENT OF SOCIAL WELFARE AND DEVELOPMENT: INTERNAL DISPLACE- 
MENT MONITORING CENTRE; WORLD BANK; INTERNATIONAL DISASTER DATABASE: JOINT TYPHOON WARNING CENTER; CIESIN, COLUMBIA UNIVERSITY 




PHOTO: JIM REED. NGM ART. SOURCES: JAMES ELSNER, 
SVETOSLAVA ELSNER, AND THOMAS JAGGER, FLORIDA 
STATE UNIVERSITY: NOAA STORM PREDICTION CENTER 



Spin Cycle 



Over the past six decades the number of days 
when at least one tornado touched down in the 
United States has dropped. When climatologist 
James Eisner saw the data on that decline, he 
found it strange. “We know that the atmosphere 
is getting warmer and more humid,” he says, 

“so we might expect to see some fingerprint of 
climate change in tornado activity.” 

Then Eisner and his Florida State University 
colleagues found a fingerprint: On days when 
there are tornadoes, there are likely to be a lot 
more of them. Outbreaks of 32 or more twisters 
in a single day were once rare in the U.S.; since 
2001 they’ve become a yearly occurrence. “If 
the atmosphere is becoming more efficient at 
producing tornadoes,” Eisner cautions, more 
people will need to pay attention when storms j 
are forecast. —Rachel Hartigan Shea 



Number of Tornadoes 

Tornadoes in the United States each year 



Number of Tornado Days 

Days with at least one tornado in the U.S 









Planet Earth 
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approved to treat 
Diabetic Nerve Pain. 



may cause pain. 



PREGABALIN ® 
multi 



“DIABETIC NERVE 
PAIN FELT LIKE MY 
FEET WERE ON FIRE. 

LYRICA HELPED 
RELIEVE MY PAIN."* 



-DANIEL, PRODUCE MANAGER 
DIAGNOSED WITH DIABETIC NERVE PAIN. 



Get specific treatment for Diabetic Nerve Pain 













Diabetes damages LYRICA is FDA 


AltitI 

depiction 









Diabetic Nerve Pain (or pain from Diabetic Peripheral Neuropathy) is characterized by shooting, burning, pins and 
needies symptoms, in some patients, LYRICA has been clinically proven to provide effective pain relief.* 
Some patients also had a significant reduction of pain in as early as one week. And, lYRICA is not a narcotic: 

Ask your doctor about LYRICA today. 

’Individual results may vary. ^Those who have had a drug or alcohol problem may be more likely to misuse lYRICA. 
We asked Daniel to tell us about his experience with LYRICA. To hear Daniel's story visit LYRICA.com. 



Prescription LYRJCA is not for everyone. Tell your doctor right away about any serious allergic reaction that causes 
swelling of the face, mouth, lips, gums, tongue, throat, or neck or any trouble breathing, rash, hives or blisters. lYRICA 
may cause suicidal thoughts or actions in a very small number of people. Patients, family members or caregivers should 
call the doctor right away if they notice suicidal thoughts or actions, thoughts of self harm, or any unusual changes in 
mood or behavior. These changes may include new or worsening depression, anxiety, restlessness, trouble sleeping, 
panic attacks, anger, irritability, agitation, aggression, dangerous impulses or violence, or extreme increases in activity 
or talking. If you have suicidal thoughts or actions, do not stop LYRICA without first talking to your doctor. LYRICA 
may cause swelling of your hands, legs and feet. Some of the most common side effects of LYRICA are dizziness and 
sleepiness. Do not drive or work with machines until you know how LYRICA affects you. Other common side effects 
are blurry vision, weight gain, trouble concentrating, dry mouth, and feeling “high.' Also, tell your doctor right away 
about muscle pain along with feeling sick and feverish, or any changes in your eyesight including blurry vision or any 
skin sores If you have diabetes. You may have a higher chance of swelling, hives or gaining weight if you are also 
uking certain diabetes or high blood pressure medicines. Do not drink alcohol while taking LYRICA. You may have 
more dizziness and sleepiness if you take LYRICA with alcohol, narcotic pain medicines, or medicines for anxiety. 

If you have had a drug or alcohol problem, you may be more likely to misuse LYRICA. Tell your doctor if you are 
planning to father a child. Talk with your doctor before you stop taking LYRICA or any other prescription medication. 

Please see Important Risk Inprmation far LYRICA on the following page. 

To learn more visit www.LYRlCA.com or call toll-free 1-8B8-9-LYR1CA (1-888-959-7422). 

You are encouraged to report negative side effects of prescription drugs to the FDA 

Visit www.FDAgov/medwatch or call I-800-n)A-l088. ramiMuoi oiowrteiBc.Aitvitaiacn«Lr><idi<iinusv/NaRhR 20 M 
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King Solomon’s Secret Treasure: FOUND 

Ancient beauty trapped in mines for centuries is finally released and available to the public! 
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Own the Most 
Beautiful Stone 
You’ve Never 
Seen Before — 

325 carats 
for only $49! 



ing Solomon was one of the wealthiest rulers of the ancient world. His vast empire 
included hoards of gold, priceless gemstones and rare works of art. For centuries, 
fortune hunters and historians dedicated their lives to the search for his fabled 
mines and lost treasure. But as it turns out, those mines hid a prize more beautiful 
and exotic than any precious metal: chrysocolla. 

Prized by the wisest king of the Bible. Known as the "Wisdom 
Stone," chrysocolla was considered a powerful talisman of healing and 
calming energy. Ancient rulers of the Biblical era relied on it for 
guidance and now this legendary treasure can be yours with our 
stunning Earth & Sea Chrysocolla Necklace. Call today to bring 
home 325 carats for ONLY $49! 

Nothing like it on Earth. The mesmerizing swirls of color in 
chrysocolla come from a unique combination of elements 
found in the rich mineral deposits of copper mines. When 
miners find a vein of blue-green, all digging stops so that the J 
delicate chrysocolla can be extracted by hand. 

Masterpieces of natural art. Our Earth & Sea 

Chrysocolla Necklace features a strand of polished, 
enhanced chrysocolla ovals — and silver-colored 
beads — that meet at a gorgeous teardrop pendant. 

Every chrysocolla is unique, showcasing a canvas 
painted by Mother Nature herself. 

Your satisfaction is guaranteed. Wear the 
Earth & Sea Chrysocolla Necklace for a few 
.weeks. If you aren't convinced that it's one of ^ 
nature's most elegant creations, simplyj 
send it back within 60 days for a full ^ 
refund of your purchase price. But 
once you experience this gorgeousj 
gemstone for yourself, 
betting that you'll want tqj 
share King Solomon's 
secret with the world' 



TAKE 84% OFF INSTANTLY! 

When you use your INSIDER OFFER CODE 

Earth & Sea Chrysocolla Necklace S299 * 

Offer Code Price — $49 -F S&p 

You must use the insider offer code to get our special price. 

1-888-870-9513 

Offer Code ESNl 89-01 

Please use this code when you order to receive your discount. 

• 325 ctw of chrysocolla 

• 18" necklace (with 2" extender) secures svith a lobster clasp 

Smart Luxuries — Surprising Prices™ 

• Discount for customers who use the offer code versus the listed original Stauer.com pric^ 



Necklace enlarged to 
show luxurious detail. 



Staucr® 

14101 Southcross Drive W, 
Dept. ESN 189-01, 
Burnsville, Minnesota 55337 

www.stauer.com 
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Ancient Worlds 




In Angkor 
Wat, Art 
Revealed 

Built nine centuries ago in what 
is now Cambodia, Angkor Wat 
draws millions of visitors each 
year. Some head to the Buddhist 
temple— which was originally 
dedicated to the Hindu god 
Vishnu— for religious reasons. 
Others come to take in the site’s 
famously intricate carvings. A 
team of archaeologists, though, 
is focused on a less obvious 
attraction: some 200 elaborate, 
roughly 16th-century paintings 
that had been obscured by the 
effects of weather and time. 

To see them, rock art re- 
searcher and study leader Noel 
Hidalgo Tan uses a technique 
that combines digital photog- 
raphy and computer analysis. 
“What was once thought to 
be a faint splotch on the wall,” 
he says, “turns out to be two 
elephants or an entire Khmer 
orchestra.” The purpose of the 
artwork isn’t clear, but further 
investigation could offer clues 
to the monument’s past. Tan 
theorizes that some pieces 
were commissioned by a king. 

— Catherine Zuckerman 



VIKING GENDER BENDER? 

At first glance a gilded silver figurine from Denmark appears to be a 
woman wearing a long dress. Standing 1.85 inches tall and pierced for 
stringing, the figurine would have hung from the neck of someone im- 
portant, possibly a priest, in the ninth century. Claus Feveile, curator at 
the 0stfyns Museums, studied the pendant after its discovery last April. 
He believes it may represent a Norse deity— a goddess, or perhaps even 
a god in the guise of a woman. “The way the figure is standing, with the 
hands in front of the belly, we know from a few other figurines,” he says. 
“They are naked, and clearly men.” —A. R. Williams 

PHOTOS: NOEL HIDALGO TAN (ABOVE. BOTH); 0STFYNS MUSEUMS 







Upper Class Just Got Lower Price 

Finally, luxury built for value — not for false status 



O nly a few of us are born with silver spoons in our George Thomas (the most renowned watchmaker and 
mouths. Until Stauer came along, you needed an watch historian in America), he disassembled the 
inheritance to huy a timepiece with class and refinement. Magnificat II and studied the escapement, balance wheel 
Not any more. The Stauer Magnificat II brings a rotor. He remarked on the detailed 

the impeccable quality and engineering once guilloche face, gilt winding crown, and the 

found only in the watch collections of the ^r>n/ crocodile-embossed leather band. He was 

idle rich. If you have actually earned your / O/O intrigued by the three interior dials for 

living through intelligence, hard work, and __ _ _ _ . _ day, date, and 24-hour moon phases. He 

perseverance, you will now he rewarded ^ A l^jf I estimated that this fine timepiece would 

with a timepiece of understated class that When yOU USC yOUf $2,500. We all smiled and told 

will always be a symbol of refined taste. r\Tcrnpp DPPPP PTinP Stauer price was less than 

The striking case, finished in luxurious $90. He was stunned. We felt like we 



gold, compliments an etched ivory-colored dial exquis- 
itely. By using advanced computer design and robotics, 
we have been able to drastically reduce the price on this 
precision movement. 

Do you have enough confidence to pay less? Status 
seekers are willing to overpay just to wear a designer 
name. Not the Stauer client. The Magnificat II is built for 
people who have their own good taste and understand 
the value of their dollar — finally, luxury built for confi- 
dent people. And this doesn't mean the rich aren't smart. 
Quite the contrary, Stauer's clients include a famous 
morning news host, the infamous captain of a certain 
starship, a best actor nominee, a best actor winner and 
the number one rock guitarist of all time. They were all 
clever enough to recognize a spectacular value. 

It took three years of development and $26 mil- 
lion in advanced Swiss-huilt watch-making 
machinery to create the Magnificat n. Look at the 
interior dials and azure-colored hands. Turn the watch 
over and examine the 27-jeweled automatic movement 
through the exhibition back. When we took the watch to 



had accomplished our task. A tmly magnificent watch at 
a tmly magnificent price! 

Try the Magnificat II for 60 days and if you are not 
receiving compliments, please return the watch for a full 
refund of the purchase price. The precision-built move- 
ment carries a 2 year warranty against defect. If you tmst 
your own good taste, the Magnificat II is built for you. 

Stauer Magnificat II Timepiece — $39 9 * 

Offer Code Price $87^ + S&PSAVE $311“! 

You must use the insider offer code to get our special price. 

1 - 800 - 973-3089 



Your Offer Code: MAG340-07 

Please use this code when you order to receive your discount. 



Suucv” 



14101 Southcross Drive W., 
Dept. MAG340-07 
Burnsville, Minnesota 55337 

www.stauer.com 



Rating of A-i- 



* Discount for customers who use the offer code versus the listed original StTlUVt Luxuries SuTWisiriS Prices 

Stauer.com price. ^ ^ 




Basic Instincts 

A genteel disquisition on love and lust in the animal kingdom 



You Can’t Hurry Love 

How slow are sloths, generally considered Earth’s slowest mammal? 
Distance moved in a day: often just a few yards. Time at rest: up to 
20 hours out of each 24. Metabolism: so slow that the tree-dwelling 
herbivores climb down to defecate only about once a week. That’s 
for the best, because their ungainliness on the ground makes them 
vulnerable to cars, humans, and other animals. 

The sloth skeleton is suited for reclining or hanging upside down in 
trees. That’s how sloths eat, sleep, give birth— and mate. Though the 
rain forest exhibit at Baltimore’s N ational Aquarium has welcomed 
four sloth babies, the staff has never seen a sloth birth or copulation, 
says curator Ken Howell: “I think of them as having private lives.” 
When seclusion does lead to sex, he says, “apparently it’s very quick.” 
Well, yes and no, says Mark Rosenthal of Animal Magic, an exotic- 
animal rescue program in Michigan. With a smartphone and lucky 
timing, Rosenthal was able to capture “a very rare video of two of our 
sloths actually breeding” while hanging suspended from a branch in 
their habitat. His halting narration describes the protracted scene: 
“The male keeps trying... the girl... is receptive... He’s goingto try 
again ... Those of you watching, bear with me— they’re sloths ...” 
Because his audience includes children, Rosenthal edited the video 
to finish before the sloths did. The eventual consummation, he says, 
“was upside down. And it didn’t take very long.” —Patricia Edmonds 



HABITAT 

Central and South America 

STATUS 

Least concern (four species) 

OTHER FACTS 

Two of the six sloth species 
are at risk: Brazil’s maned 
three-toed is vulnerable, and 
Panama’s pygmy three-toed 
is critically endangered. 



When one of 
Earth’s slowest 
mammals mates, 
“apparently it’s 
very quick.” 




This Linne’s two-toed sloth (Choloepus didactylus) was photographed 
at the Lincoln Children’s Zoo in Nebraska. 



PHOTO: JOEL SARTORE 



“We went across the U.S. three times in 




our first Prius. The new one’s 
adventure ahead of it.” 





Prius 

Let’s leadlhe way. 



,• ® .:r 

'TOYOTA,] 



toyota.com/prius 

Prius own^^nade pr4viou^y aware their likeness and statem^t rfiay be used for ^vertijingrCargo and load cap^lty limited by weight and distribution. 
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Estonia 

In the village of Kurtna, 
a pony named Rainbow 
basks in the winter 
sun. The four-year-oid 
geiding is part Estonian 
native horse, part 
Shetland pony— two 
breeds known for their 
hardiness and versatility. 






United States 

Seen from above, a 
seamless sheet of 
white paper— folded 
into the shape of an 
eye— holds and beholds 
81 dancers from the 
New York City Ballet. 
This 6,500-square-foot 
composite image was 
a collaboration with 
the French artist JR. 



PHOTO (PANORAMA COMPOSED 
OF MULTIPLE IMAGES): JR 







T 



United States 

In a lab at the University 
of Alaska Fairbanks, hi- 
bernating arctic ground 
squirrels pose medical 
mysteries. The species 
can lower its body tem- 
perature below freezing 
and avoid serious head 
injuries while in hiberna- 
tion, which lasts seven 
months. 

PHOTO: JOEL SARTORE 




Order prints of select National Geographic photos online at NationalGeographicArt.com. 




U.S. Government Gold Coin Release 

Experts Predict $5,000/oz. Gold! Buy Now While Only $1,225/oz. 



TODAY - U.S. Money Reserve has scheduled 
what could be the final release of U.S. Gov't- 
Issued $5 Gold Coins previously held at the 
U.S. Mint at West Point. These Gov’t-Issued 
Gold Coins are being released on a first- 
come, first-served basis for the incredible 
markup-free price of only $138.00 per coin. 
Please be advised: Our at-cost U.S. Gov’t Gold 
Inventory will be available at this special price 
while supplies last or for up to 30 days. Do not 
delay. Call a Senior Gold Specialist today. 

If you’ve been waiting to move your hard- 
earned money into precious metals, now is the 
time to consider transferring your U.S. dollars 
into United States Government Gold. The Gold 
market is on the move, up as much as 
368% over the past 10 years - outpacing 
the DOW, NASDAQ and S&P 500. Call 
immediately to order your United States Gold 
Coins direct from our Main Vault Facility, at cost, 
for the amazing price of only $138.00 per coin. 
Special arrangements can be made for gold 
purchases over $50,000. Order your gold today! 

TOLL-FREE, 24 HOURS A DAY: 

1 - 800 - 592-4423 



Due to strict limited availability, telephone orders 
will be accepted on a first-come, first-served 
basis according to the time and date of the order. 



SPECIAL ARRANGEMENTS CAN BE 
MADE FOR PURCHASES OVER $50,000. 

1 - Gov’t-Issued Gold American Eagle $138.00 

5 - Gov’t-Issued Gold American Eagles $690.00 

10- Gov’t-Issued Gold American Eagles.. .$1,380.00 



PRICES MAY BE MORE OR LESS BASED ON CURRENT MARKET CONDITIONS. THE MARKETS 
FOR COINS ARE UNREGULATED. PRICES CAN RISE OR FALL AND CARRY SOME RISKS. THE 
COMPANY IS NOT AFFILIATED WITH THE U.S. GOVERNMENT AND THE U.S. MINT. PAST 
PERFORMANCE OF THE COIN OR THE MARKET CANNOT PREDICT FUTURE PERFORMANCE. 
SPECIAL AT-COST OFFER IS STRICTLY LIMITED TO ONLY ONE LIFETIME PURCHASE OF 10 AT- 
COST COINS (REGARDLESS OF PRICE PAID) PER HOUSEHOLD. PLUS SHIPPING AND INSURANCE 
($15-$35). PRICE NOT VALID FOR PRECIOUS METALS DEALERS. COINS ENLARGED TO SHOW 
DETAIL. ALL CALLS RECORDED FOR QUALITY ASSURANCE. COIN DATES OUR CHOICE. 



FULL REFUND IF NOT 100% SATISFIED.* 

‘RETURNS ON ADVERTISED COINS MUST BE MADE WITHIN 30 DAYS 




PERSONAL ■ BANK 
CHECK ■ WIRE 



Vault Code: NG22-138 




U.S. MONEY 
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© 2015 U.S. Money Reserve 
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DISCOVER THE ALL NEW SEASON 
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□ NATIONAL 
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1^ natgeotv.com/BrainGames 



The average American 

doesn't speak a second language. 




If "average" isn't you, there’s Rosetta Stone. 



In many parts of the wortd. being a We to speak two or more ianguages is the 
f\ile rather than the exception But Americans are catching up. thanks to the 
Rosetta Stone method of intuitive, interactive language learning. 



MSRPL£Vai-5SET SALE 

*499r *299 



The fact is, having another lar>guage at your fingertips can really take you places, 
personally and professionally You’ll learn at your own pace, on your own schedule, 
and you'll have fun doing it. Get started today — because the world Is wait r^. 

( 877 ) 720-6933 
RosettaStone.com/print 




SCAN FOR 
FREE DEMO 



Rosetta 

Stone 
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VISIONS 

YourShot.ngm.com 



Editor^s Choice 

Daily Dozen Editors pick 12 photos from those submitted 
oniine each day. Here are our favorites this month. 




EDITOR’S NOTE 

“Photographs can be made stronger by what isn’t seen. Absence— 
of a person or the photographer herself— invites us to look deeper 
and discover imaginative new layers.” 

—Jessie Wender, senior photo editor 




Adela Zatovicova 

Bzince pod Javorinou, Slovakia 

A wall covered In Ivy offered 
Zatovicova an idea for an Interpre- 
tive shot of a person drowning in 
the ieaves. With no one else around, 
she set up a tripod and posed. 



Matyas Sarvady 

Budapest, Hungary 

Sarvady, who spent part of his 
childhood with his grandparents, 
tried to chronicle their 52-year mar- 
riage. After his grandfather passed 
away in 2014, Sarvady devised a 
way, using old clothes, to portray 
his grandfather’s absence. 








THE INVISIBLE 
WARONTHE BRAIN 
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Brain trauma from blast 
force is the signature injury 
of the Iraq and Afghanistan 
campaigns, afflicting hundreds 
of thousands of US. combat 
personnel. Although unseen, 
the damage strikes deeply into 
a soldier’s mind and psyche. 




Marine CpI. 

Chris McNair (Ret.) 
Afghanistan 2011-12 



Impeccable In his Marine uniform and outwardly 
composed, McNair sits on the porch of his parents’ 
home in Virginia, anonymous behind a mask he made 
in an art therapy session. “I was just going through 
pictures, and I saw the mask of Hannibal Lecter, 
and I thought, That's who I am’. . . He’s probably 
dangerous, and that’s who I felt I was. I had this 
muzzle on with all these wounds, and I couldn't tell 
anyone about them. I couldn’t express my feelings." 
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Improvised explosive devices (lEDs) account for 
about 60 percent of all combat injuries sustained in 
the campaigns in Iraq and Afghanistan. Many such 
wounds are immediately apparent. Marine CpI. 
Burness Britt is medevaced for treatment following 
an lED strike in June 2011 in southern Afghanistan. 

ANJA NIEDRINGHAUS, AP IMAGES 









Blast injury to the brain changes soldiers in ways many can’t articulate; 
some use art therapy to reveal themselves. This mask has a slash across 
the face, displaying miniature cogs to evoke the military’s machinelike 
nature. Body armor can stop shrapnel, but nothing can stop blast waves. 



By Caroline Alexander 
Photographs by Lynn Johnson 



nside the protective bunker 
I waited with the explosives 
team, fingers wedged firmly 
in my ears. Outside, shot 
number 52, trailing a 20- 
foot length of yellow- and- 
green-striped detonating 
cord, was securely taped to 
the wall of a one-room ply- 
wood building with a steel fire door. There was 
a countdown from five, a low “pow,” and a dull 
thump in the center of my chest. The thump is the 
hallmark of blast. “You feel the thump,” one team 
member told me. “I’ve been in blast events where 
we’re actually hundreds or even thousands of feet 
away, and I still feel that thump.” 

The mystery of what that thump does had 
brought me to a World War II bombing range 
some 40 miles southeast of Denver. Back then it 
was used to test half- ton ordnance; now it serves 
to study controlled explosives used by soldiers 
to blast holes through walls and doors in com- 
bat areas — standard practice in modern warfare. 
The eventual objective of these tests is to discover 
what that blast thump does to the human brain. 

According to the U.S. Department of Defense, 
between 2001 and 2014 some 230,000 soldiers 
and veterans were identified as suffering from 
so-called mild traumatic brain injury (TBI), 
mostly as a result of exposure to blast events. 
The variety of symptoms associated with the 
condition — headache, seizures, motor disorders, 
sleep disorders, dizziness, visual disturbances, 
ringing in the ears, mood changes, and cogni- 
tive, memory, and speech difficulties — the fact 
that they resemble symptoms of post-traumatic 
stress disorder (PTSD), and the fact that exposure 



to blast events often was not logged in the early 
years of the campaigns in Afghanistan and Iraq 
make it impossible to pin down casualty figures. 

Despite the prevalence of the condition, the 
most fundamental questions about it remain 
unanswered. Not only is there no secure means 
of diagnosis, but there are also no known ways 
to prevent it and no cure. Above all, there is no 
consensus within the medical community about 
the nature of blast-induced injury or by what 
mechanism blast force damages the brain. 

BOOM: In the field a single blast event rep- 
resents a virtually simultaneous amalgam of 
distinct components, each uniquely damaging. 
Ignition sparks a chemical reaction, an instan- 
taneous expansion of gases that pushes out a 
spherical wall of gas and air faster than the speed 
of sound. This shock wave envelops any object it 
encounters in a balloon of static pressure. During 
this fleeting stage — the primary blast effect — the 
individual does not move. An abrupt fall in pres- 
sure follows, creating a vacuum. Then comes the 
secondary blast effect, a rush of supersonic wind 
that floods the vacuum, hurling and fragment- 
ing objects it encounters, weaponizing debris as 
high-speed, penetrating projectiles. The wind 
itself causes the tertiary blast effects, lifting hu- 
man beings or even 15-ton armored vehicles in 
the air, slamming them against walls, rocks, dusty 
roadsides. The quaternary blast effects are every- 
thing else — fire that burns, chemicals that sear, 
dust that asphyxiates. 

Caroline Alexanders new translation of Homers Iliad 
will he published this year by Ecco Press. Longtime 
contributor Lynn Johnson was named one of five 
2014-16 National Geographic photography fellows. 




REBECCA HALE, NGM STAFF 
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Marines on patrol in 
Afghanistan in 2009 noticed 
a motorcyclist pass by, 
and moments later an lED 
exploded. “It’s like being 
kicked by a horse, a horse 
with a foot that could cover 
your entire body,” said one 
survivor of an lED attack. 

PETER VAN AGTMAEL, MAGNUM PHOTOS 



The mystery lies in the effects of the primary 
blast. Theories range wildly: Is it the shock wave’s 
entry to the brain through cranial orifices — eyes, 
nose, ears, mouth — that causes injury, and if so, 
how? Or is external shock pressure on the chest 
channeled inside vasculature up through the 
neck and into the brain? Does the transmission 
of complex wave activity by the skull into the 
semiliquid brain cause an embolism? Does pres- 
sure deform the skull, causing it to squeeze the 
brain? Is the explosive noise damaging? The flash 
of light? The majority of soldiers diagnosed with 



blast-induced neurotrauma have also been hurled 
or rattled by blast wind. Is military neurotrauma, 
then, simply an exotic form of concussion? 

The tests in Colorado arose from a landmark 
2008 study by the military of breachers, those 
soldiers whose job is to set explosives and who 
for years had been reported to suffer a high 
incidence of neurological symptoms. The study, 
conducted by the U.S. Marine Corps Weap- 
ons Training Battalion Dynamic Entry School, 
followed instructors and students over a two- 
week explosives training course. It turned out 



36 NATIONAL GEOGRAPHIC • FEBRUARY 2OI5 



0.0 



0.1 



0.2 



0.3 



BLAST WAVE TRANSMISSION in milliseconds 



Blast in the brain 

Studies show that the key mechanical factors associated with brain injury are an increase in 
intracranial pressure and the brain’s motion relative to the skull. The blast wave, or overpressure, 
affects the brain immediately upon impact with the skull. Pressure in the brain returns to normal 
after only a few milliseconds, but brain motion can occur for hundreds of milliseconds after impact. 



that for days after the larger explosions, breachers 
reported dull aches in the chest and back “like 
someone had punched them,” as well as head- 
aches that “started with shooting pains in the 
forehead, progressed down the temples, behind 
the ears, and up through the jaw line.” 

More significantly, neurobehavioral tests ad- 
ministered before and after the course showed 
a “slight indication of declining performance 
among the instructors,” who typically are exposed 
to more blast events than students are. This sug- 
gested that repetitive exposure even to low-level 
blasts — even over just a two-week period — could 
be damaging. 

The breacher study went some way toward 
bringing blast-induced neurotrauma into focus. 
As Lee Ann Young, one of the study’s leaders, 
noted, it motivated six follow-on research initia- 
tives that continue today. Previously, many in the 
military and medical communities had found it 
difficult to believe that a low-energy blast could 
inflict significant injury. “Our most recent ex- 
perience was with Gulf War syndrome, where 
despite many efforts to find consistent threads, 
we came up mostly dry on specific causes,” 
Col. Christian Macedonia (Ret.), the former med- 
ical sciences adviser to the chairman of the Joint 
Chiefs of Staff, told me. “So there were insane 



shouting matches in the Pentagon, strange as it 
may sound now, as to whether blast-related TBI 
actually existed.” In a paper published as recently 
as 2008, researchers at the Center for Military 
Psychiatry and Neuroscience Research, Walter 
Reed Army Institute of Research, concluded that 
the troubling symptoms were strongly associated 
with PTSD and that “theoretical concern” about 
the neurological effects of blast exposure was 
essentially unfounded. 

But today some researchers are floating a dif- 
ferent theory: that mild TBI may increase vul- 
nerability to certain psychological disorders, 
possibly accounting for the high rate of such dis- 
orders and even suicide among veterans. Many 
neurologists now advocate more precise termi- 
nology for this signature injury of the recent 
wars, such as “blast-induced traumatic brain 
injury” or “blast-induced neurotrauma” — and 
all I spoke with objected to the qualifier “mild.” 

IN THE BUNKER we Waited for the smoke to clear, 
then ventured into still-singed air. The building’s 
door had been blown off, the opposite wall was 
in splinters, the struts were broken, and much 
of the frame was askew. Pressure gauges at head 
and chest level had recorded the back-blast as it 
bounced off corners and walls. The explosion 



JASON TREAT. NGM STAFF. SOURCE: ANDREW MERKLE, JOHNS HOPKINS UNIVERSITY APPLIED PHYSICS LABORATORY 
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Broken connections 

Diffusion tensor innaging tractography dramaticaiiy reveais the breakdown of neurai connections in 
the brain of a civiiian victim of severe traumatic brain injury (right), compared with a heaithy brain 
(left). Researchers in the Miiitary Brain Injury Studies Program at the Uniformed Services University 
of the Heaith Sciences pian to similariy map the brains of deceased veterans of recent campaigns 
to assess biast effects. Siides of deiicate brain tissue (opposite) hoid cruciai ciues. “I think i know 
what blast force does to the human brain,” says program director Daniel Perl. 



itself had been preserved on video, which replayed 
events, at two to three frames a second, that had 
flashed by at a speed of 14,000 frames a second — 
the ignited fuse glowing red-gold in a long, snak- 
ing, elegant stem of light, then the gold-black 
bloom of the explosion: BOOM. 

Shot 52 was one of a series intended to cast 
light on the phenomenon of back-blast, the re- 
flection of blast pressure off a surface. Other 
studies are examining the length of blast expo- 
sure and the frequency and type of blast. On 
site to lead the analysis was Charles Needham, 
a world authority on blast physics. Studying a 
computer-generated graph, he traced the spikes 
and dips of pressure that oscillated through five 
cycles before flattening out. The entire sequence 
lasted some 65 milliseconds. One hundred mil- 
liseconds is the minimum time it takes for a 
human to react to any stimulus — it had taken 
less than five milliseconds for the shock wave to 
hit the gauges on the walls. As Needham pointed 
out, “Anywhere in that room — it’s on you.” 

Fatherly in manner, with white hair and a full 
white beard, Needham had been described to me 
by a colleague as a “cross between Santa Claus 
and Eeyore,” an impression that belied his stature 
as a high wizard in the black art of explosives. 
With degrees in physics and astrophysics, he is 



an authority on modeling all variety of blast 
events and the dynamics of blast reflection, and 
he spoke with wistful nostalgia of the big “rum- 
ble booms” of high-ordnance tests of years past. 
A glance at his resume calls attention to the 
diversity and sheer spookiness of blast-related 
issues: “modifications to fireball behavior,” “high 
explosive simulation of nuclear effects,” and 
“Shock and Vibration symposia.” 

Needham’s objective was to provide breach- 
ers with maps that would show which areas of 
a given type of structure are safest from re- 
flected pressure. How a blast is reflected is de- 
termined not only by whether a space is square 
or rectangular, and the ceiling high or low, but 
also by where the wall studs lie, the number 
and placement of doors and windows, whether 
there are gaps or holes in the enclosure, wheth- 
er there is furniture in the room. A shock wave 
bouncing off a rigid surface, whether of thin 
plaster or of steel, can be more powerful than 
the original wave. (Notoriously, the back-blast 
reflected off the ground at Hiroshima was more 
powerful than the actual explosion.) The cor- 
ners of a room, where one might instinctively 
seek shelter, are particularly dangerous — as is 
being the third man in a line of breachers car- 
rying protective shields, which, as it turns out. 
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also reflect shock waves. A blast even reflects 
from within a soldier’s helmet to his head. 
Every feature in a landscape, every gesture a 
person makes, shapes a blast event. 

A terse conclusion of the original 2008 breacher 
injury study cited “clear evidence” that recom- 
mended safe standoff distances required revision. 
“We. . .found errors of more than a factor of two 
in some of those training manuals,” Needham said, 
referring to breacher instructions: As a result, the 
manuals were modified in 2012. Encompassing a 
multitude of variables, calculations about blast 
events are elaborately difficult, and only in recent 
years has it been possible to make the kind of mod- 
els Needham is now devising. “These are large 
calculations and take a lot of computer time,” he 
said. Or, as another blast authority put it, “Until 
very recently, the dominant force that caused all 
this damage was basically magic.” 

KEEN INTEREST IN BLAST EFFECTS began in 

World War I, when the signature mechanism of 
injury was — as in the wars in Iraq and Afghani- 
stan — blast force, mostly in the form of explod- 
ing artillery shells. The term “shell shock” first 
appeared in February 1915 in an article in the 
Lancet that examined the case studies of three 
British soldiers exposed to blast events who 



complained of sleeplessness, reduced visual field, 
and loss of taste, hearing, and memory. Initially 
their affliction was believed to be a “commotion- 
al disorder,” referring to agitation of the brain 
caused by a blast shock wave. A leading theory 
was that the shock wave traveled to the brain 
through spinal fluid. 

But as the war continued, the condition was 
attributed to weakness of nerves, given the fact 
that many men appeared to be otherwise unin- 
jured. The term “shell shock,” implying that the 
shell burst itself was the cause of the damage, fell 
out of favor. The revision of diagnosis had pro- 
found consequences. In the following decades the 
shell-shocked soldier came to symbolize the emo- 
tional damage that is the cost of war, and medi- 
cal research ceased to investigate the possibility 
that blast-force injury might be physical. “When 
I was in medical school, we were told about shell 
shock in World War I, that people then believed 
the brain could be damaged by blast waves from 
exploding shells,” Colonel Macedonia said. “It was 
told as a story about how ignorant the medical 
profession was a hundred years ago.” 

The shell-shocked soldiers of that war can 
be tracked through British Ministry of Pension 
files into the 1920s, ’30s, ’40s, and beyond. Case 
reports give details of veterans sunk in lethargy 
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Army Staff Sgt. Perry Hopman 
Iraq 2006-08 

Wearing his mask— half patriotic, half 
death’s-head— Hopman confronts the 
battery of medications he takes daily 
for blast-force injuries he sustained 
while treating soldiers as a flight 
medic. “I know my name, but I don’t 
know the man who used to back up 
that name... I never thought I would 
have to set a reminder to take a shower, 
you know. I’m 39 years old. I’ve got 
to set a reminder to take medicine, 
set a reminder to do anything... 

My daughter, she’s only four, so this 
is the only dad she’s ever known, 
whereas my son knew me before." 
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or melancholy, “muddled” in thought, shaking 
convulsively on street corners, or going “around 
the bend” and exploding in paranoid acts of 
anger. Growing up in England, my parents knew 
of men whom they were told had “been ‘funny’ 
since the war.” These reports represent the best 
data available on the long-term fate of the shell- 
shocked veteran. 

After World War II, in 1951, the U.S. Atomic 
Energy Commission created the Blast Biology 
Program to test on various animals very large 
explosions that simulated the effects of nuclear 



infantry officer who served two tours in Afghan- 
istan, where he saw and felt the effects of blast 
force. “There was a flash in the sky, and I turned 
back toward the mountains where the fighting 
was,” Parker said, recalling the day in January 
2003 when, in the hills of Kandahar, the shock 
wave from a distant explosion passed through 
his body. “It just felt like it lifted my innards and 
put them back down.” 

Mostly he was made aware of the range of 
damage blast inflicted. “When bombs are going 
off, it’s easier to forget about the guy who’s been 



The shock wave from a distant 
explosion “felt like it lifted my innards 
and put them back down —Kevin Parker 



events. Oxen, sheep, pigs, goats, dogs, cats, mon- 
keys, rats, hamsters, rabbits, mice, and guinea 
pigs were subjected to live blasts or placed in 
shock tubes. (A shock tube is a long tube fitted 
with an internal membrane through which pres- 
surized air bursts. This lab simulation, stripped 
of heat, debris, chemical fallout, and back-blast 
variables, creates a “pure” blast shock wave.) In 
the early 1980s the focus of research shifted from 
nuclear blasts to the low-level explosives char- 
acteristic of today’s war theaters. 

“most of our medical research on blast in- 
juries was either on fragmentation wounds or 
what happens in gas-filled organs — everyone 
was always concerned in a thermonuclear explo- 
sion what happened to your lungs and your gas- 
trointestinal tract,” Lt. Col. Kevin “Kit” Parker, 
the Tarr Family Professor of Bioengineering and 
Applied Physics at Harvard, told me. “We com- 
pletely overlooked the brain. Today the enemy 
has developed a weapon system that is targeted 
toward our scientific weak spot.” 

Parker, a towering figure with a shaved head 
and booming voice, is also a former U.S. Army 



a little out of sorts than the guy who’s sitting 
near him and got both his legs blown off,” Parker 
said. “But the guy who’s going to have the more 
serious long-term issues probably is going to be 
the guy who had the brain injury.” 

In 2005 Parker, who was then involved in 
cardiac tissue engineering, turned his attention 
to blast-induced neurotrauma. He began by 
reviewing the science for a class of proteins — 
integrins — that transmit mechanical forces 
into cells. Using specially designed magnetic 
tweezers and a device resembling a miniature 
jackhammer to simulate the abrupt stretching 
and high-velocity compression of blast effects, 
Parker and a small team of students subjected 
engineered tissues of rat neurons, or nerve cells, 
to blastlike assault. The integrins on the cell sur- 
face initiated a cascade of effects culminating in 
a dramatic retraction of axons, the long tendrils 
that serve as a neuron’s signaling mechanism. 

By working at the cellular level, Parker’s 
team sidestepped two central difficulties of 
any blast research — namely, that one cannot 
expose humans to blast events and that animals 
are poor substitutes for humans. On the other 
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hand, results from cells in a petri dish cannot 
be extrapolated to a human being. 

THE ARRAY OF THEORIES neurologists are actively 
pursuing stands as eloquent testimony to how 
wide open blast-induced neurotrauma research 
is. Lee Goldstein, of Boston University School of 
Medicine, has taken a very different approach. 
“People focus on the pressure wave,” Goldstein 
told me. “What’s behind it is the wind.” Gold- 
stein’s range of expertise can be read in his full 
title: associate professor of psychiatry, neurology, 
ophthalmology, pathology and laboratory medi- 
cine, and biomedical, computer, and electrical 
engineering. At 52, he has the lean build, long 
dark hair and beard, and intensity of purpose of 
a desert prophet. 

In May 20 12 he published the results of stud- 
ies that examined a possible association between 
blast-induced neurotrauma and chronic trau- 
matic encephalopathy (GTE), a neurodegenera- 
tive disease that he and his team discovered in 
the autopsied brains of four military veterans 
with blast exposure. Goldstein’s co-author, Ann 
McKee, of VA Boston, had been studying GTE in 
the autopsied brains of football players and other 
athletes. First reported as a “punch drunk” syn- 
drome in boxers in 1928, GTE is associated with 
athletes who sustain repetitive head trauma. An 
incurable and ultimately fatal neurodegenerative 
disease, GTE leads to cognitive disability and 
dementia. The disease can be detected only at 
autopsy and is revealed by abnormal tangles of 
a protein called tau. 

To test the theory that blast exposure may 
have triggered GTE pathology, Goldstein’s team 
exposed mice to a single shock-tube blast that 
simulated the effects of a moderate-size explo- 
sive. High-speed cameras captured the results — a 
rapid bobblehead effect, as the heads of the mice 
shook back and forth in reaction to the force. In 
30 milliseconds, far less than the blink of an eye, 
the oscillating wind had spiked and dipped nine 
times. “In one blast you’re really getting multiple 
hits,” Goldstein said. “So it’s like you’re packing 
a whole bunch of hits into a very short time.” 

Two weeks after exposure to the blast, the 



mice brains showed an accumulation of chemi- 
cally modified tau protein and other damage. 
Gritics of the study, however, point out that 
three of the four human cases that inspired the 
shock-tube experiments had experienced addi- 
tional trauma unrelated to blast and that tests on 
mannequin models indicated that the bobble- 
head effect was not usual in the field. 

Some researchers believe that it’s a mistake 
to focus only on the head. “The whole body 
is exposed to huge kinetic energy,” said Ibolja 
Gernak, describing the impact of a blast event. 
“Athletes do not have this kind of whole body 
exposure.” The chair of Ganadian military and 
veterans’ clinical rehabilitation research at the 
University of Alberta, Gernak began her research 
on the battlefields of Kosovo, when she noticed 
that some soldiers and civilians exposed to blast 
exhibited symptoms reminiscent of certain neu- 
rodegenerative diseases. The blast pressure wave 
hits the chest and abdomen “like a huge fist,” 
Gernak says, transferring its kinetic energy to 
the body. “That kinetic energy generates oscillat- 
ing pressure waves in the blood, which serves as 
a perfect medium to further transfer that kinetic 
energy to all organs, including the brain.” 

Experiments she conducted on mice revealed 
that inflammation occurred in the brain whether 
the head had been protected from blast or not — 
inflammation, she argues, that starts a process of 
damage comparable to that seen in Alzheimer’s 
disease. By contrast, protection of the thorax sig- 
nificantly reduced inflammation in the brain, 
suggesting that the blast-body interaction has a 
crucial role in blast-induced brain injury. 

AS OF NOW, the only wholly reliable method of 
directly examining the biological effects of blast 
force on the human brain is autopsy. In 2013 the 
Department of Defense established a brain tissue 
repository to advance the study of blast-induced 
neurotrauma in service members. Overseen by 
Daniel Perl, professor of pathology at the Uni- 
formed Services University of the Health Sci- 
ences, in Bethesda, Maryland, the repository has 
been receiving brains donated by service mem- 
bers’ families. This has allowed researchers, Perl 
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BEHIND THE MASK 



At the National Intrepid Center of 
Excellence (NICoE), part of Walter 
Reed National Military Medical 
Center, In Bethesda, Maryland, 
treatment for traumatic brain 
injury and psychological health 
concerns— including post-traumatic 
stress disorder— draws on an interdisciplinary 
care model that Incorporates traditional and 
alternative medicine. Art therapist Melissa 
Walker works with service members to create 
masks that illustrate hidden feelings. A number 
of themes occur repeatedly in their choice of 
images, among them death (often represented 
by skulls). Inability to express themselves 
(mouths stitched, gagged, or locked shut), 
physical pain (facial wounds), and patriotic 
feelings (American flags). 

“I thought this was a joke,” recalled Sergeant 
Hopman. “I wanted no part of it because, 
number one. I’m a man, and I don’t like holding 
a dainty little paintbrush. Number two, I’m not 
an artist. And number three. I’m not In kinder- 
garten. Well, I was ignorant, and I was wrong, 
because it’s great. I think this is what started 
me kind of opening up and talking about stuff 
and actually trying to get better.” 
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Marine Gunnery Sgt. Aaron Tam (Ret.) 

Iraq 2004-05, 2007-08 

“Detonation happened, and I was right there in the biast seat, i got biown 
up. And aii this medicai study— nobody ever thought that they [biast events] 
were very harmfui, and so we didn’t iog them, which we should because 
all blast forces are cumulative to the body. On a grade number for me, it 
would probably be 300-plus explosions... I’m not going to not play with my 
children. I’m not going to let my injuries stop them from having a good life.” 

PHOTOGRAPHED WITH HIS WIFE, ANGELA, AND THEIR TWO CHILDREN 
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Marine Gunnery Sgt. Tiffany H. 
iraq 2007-08, Afghanistan 2010-11 

Tiffany H., as she prefers to be known, was “blown up” 
while helping women in a remote Afghan village earn 
additional income for their families. Memory loss, 
balance difficulties, and anxiety are among her many 
symptoms. The blinded eye and sealed lips on her mask 
are common symbols used by blast-injured soldiers. 





Army Maj. Jeff Hall (Ret.) 

Iraq 2003-04, 2005 

Sheri Hall: “I told him, Tm not clean- 
ing your mess. I’m not cleaning your 
brains off the bedroom wall. You kill 
yourself, you better leave a lengthy 
explanation as to why, because I can’t 
explain to your kids, to your girls who 
love you, why you would make such 
a mess of our lives.’ Still, to this day 
I wake up some mornings and go, 

OK, what’s today going to be like? 
How’s Jeff going to be when he 
wakes? You know, how’s he going to 
be after his first cup of coffee? How’s 
it going to be for him today? I know 
he dreads going to work every day. 
There’s that anxiety that goes with 
that. How bad is it going to be? What 
can I do to set the morning off on a 
good foot? So I do still think about 
that every day, but I don’t walk around 
on eggshells anymore.” 

PHOTOGRAPHED WITH HIS WIFE, SHERI (AT LEFT), 

AND THEIR TWO DAUGHTERS 




says, to get “to the tissue level to really see what’s 
going on.” As he points out, magnetic resonance 
imaging (MRI) of the living brain has a resolu- 
tion a thousand times less than what can be seen 
when the brain is examined under a microscope. 

Perl’s expertise extends from work on CTE, 
Alzheimer’s, and other age-related neurodegen- 
erative diseases to research on a unique complex 
of neurological disorders in a small population 
in Guam (a mystery described in Oliver Sacks’s 
popular book The Island of the Colorblind). 
Perl has also written of shell shock and its 



abnormalities in the brains of blast-exposed 
soldiers by using an advanced form of MRI. 
Although hailed as a landmark in an accompa- 
nying editorial, the paper was weakened by the 
fact that every participant had also experienced 
other traumas, such as being struck by a blunt 
object or being in a motor vehicle crash. 

A number of studies investigating possible 
biomarkers may have findings that will aid 
future diagnosis: A blood test for unique pro- 
tein markers indicative of brain cell damage 
has proved promising, for example, and is now 



“What we’re seeing appears to be 
unique to blast— an injury unique 
to military experience.” -Daniel Peri 



relationship to modern blast-induced brain inju- 
ries, noting that despite a hundred years’ use of 
explosive force in warfare, there have been “no 
detailed neuropathology studies. . .in the human 
brain after blast exposure.” 

Now, 18 months into the brain tissue study, 
Perl said he’s seeing revelatory results. “We be- 
lieve we’re getting close to identifying unique 
changes in the brains of blast-exposed soldiers 
that are not seen in brain injuries of civilians,” he 
said, referring to common blunt-force trauma 
such as athletes sustain. “What we’re seeing ap- 
pears to be unique to blast. This is an injury that 
appears to be unique to military experience.” 

If he’s correct, the findings will have major 
implications not only for treatment but also for 
diagnosis and prevention. “I think we’ll have to 
sit down with the helmet-design people and the 
body-armor people,” he predicted. “A lot of de- 
signs were based on very different assumptions.” 
For living soldiers, meanwhile, reliable meth- 
ods of diagnosis remain tragically elusive. In 
June 2011 the New England Journal of Medi- 
cine published the results of a study that for 
the first time succeeded in detecting structural 



being tested by the military. (It is effective only 
if administered within a few days of the injury.) 
And in 2014 a small study of 52 veterans suc- 
cessfully used an MRI technique called mac- 
romolecular proton fraction (MPF) mapping, 
which examines levels of myelin, a major com- 
ponent of brain white matter; MPF mapping 
has been used to study patients with multiple 
sclerosis, who have reduced levels of myelin, 
the fatty sheathing that protects and insulates 
neurons. Evidence of brain white-matter dam- 
age was detected in 34 veterans with exposure 
to one or more blast events, compared with 18 
veterans without blast exposure. 

“We’d told the veterans to give us their best 
estimates of how many blast-related mild trau- 
matic brain injuries they had sustained during 
their military careers,” said Eric Petrie, a profes- 
sor of psychiatry at the University of Washington 
and the lead author of the study. “But how accu- 
rately can veterans recall these events? Some in 
the study were five to six years out from the time 
of their last blast exposure,” he said, summing 
up one of the fundamental problems of all di- 
agnostic studies that depend on self-reporting. 
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In the future, photonic crystalline materials that 
change color when exposed to blast waves, worn 
as stickers on uniforms and helmets, may provide 
an objective measurement of blast exposure. 

Despite the array of promising strategies, for 
the time being diagnosis still depends, as it did in 
WWI, on clinical assessment, which may now in- 
volve computer- administered examinations such 
as the Automated Neuropsychological Assess- 
ment Metrics: “Did you experience any of the fol- 
lowing: Dazed, confused, saw stars? How much 
does this word describe how you feel? ‘Shaky.’” 

COMPLEX AS IT MAY BE, a blast event can be cre- 
ated for very little money and with minimal ex- 
pertise. Explosively formed penetrators, a type 
of lED used to pierce armored vehicles, can be 
assembled for a few dollars. Disks that become 
bullet-shaped and molten hot as they fly through 
the air, these explosive projectiles can, in the 
words of one ordnance expert, cut through an 
armored car “like a hot butter knife.” In this way 
25 dollars’ worth of technology can take out a 
million-dollar armored vehicle and kill or inflict 
grievous injury on the soldiers in it. The cost of 
their medical care — possibly over decades — will 
add significantly to the economic disparity. Given 
this cost-effectiveness, explosive force is likely to 
remain a signature weapon of modern warfare. 

Today, while researchers strive to figure out 
what goes on when blast force encounters the hu- 
man brain, untold numbers of soldiers are strug- 
gling with the aftermath of their own encounters. 

BOOM. On patrol in Iraq in 2009, Robert 
Anetz felt the immense pressure against his body. 
Then everything went numb. “Everybody started 
shouting, ‘Are you good? Are you good?’ You 
check for blood,” Anetz said. There was no blood, 
so he thought he was good. But seven months 
after returning from Iraq, he had a seizure while 
driving, and a grand mal seizure six months af- 
ter that. Now rebuilding his life as a student and 
volunteer firefighter, his daunting regimen of 15 
different medications is down to three, but the 
headaches and migraines have not gone away. 

Enrique Trevino, who at the age of 21 sur- 
vived a massive lED ambush in Afghanistan one 



night two weeks before he was to return home, 
remembers only the bright flash and his buddies 
screaming his name. “I’ll never forget that flash,” 
he said. “It almost looked like a lightning strike.” 
When he finally awoke in Fort Hood, Texas, he 
learned the explosion that had knocked out his 
night optics had also knocked out his power of 
speech and his peripheral vision. He now works 
to rebuild his mind with mental tasks like count- 
ing backward from 50, but he suffers daily from 
migraines and nightly from his dreams. 

About a year after his return home, Trevino 
said, “it all came crashing down on me.” He 
survived a suicide attempt. A friend of his who 
had also served in Afghanistan did not. “They 
found him in his home,” Trevino said. “He, he — 
nobody would have ever thought — nobody 
would have ever been — nobody ever, nobody, 
no one, nobody saw that. Nobody saw.” 

And nobody saw it for my brother-in-law, Ron 
Haskins, from whom I first learned about breach- 
ers. After retiring from the Army Special Forces, 
he worked with a private security force in Iraq. 
He sustained two lED attacks that left him with 
headaches and ringing in his ears so loud he was 
unable to sleep. On his return to the United States, 
he worked for the Department of Homeland Se- 
curity and conducted breacher training courses 
for a security company of his own. One night in 
the summer of 2011, for reasons no one could 
fathom, he picked up a gun and ended his life. 

“We should get you guys to come out to New 
Mexico so you can see the devices, have explo- 
sions go off,” Ron had told me about a training 
course he led. “You’ll be half a mile away, and 
you’ll be amazed at how a couple of pounds will 
rattle the earth around you.” □ 
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“If my hand or arm had just 
been blown off, then people 
would understand. They’d see 
there’s something wrong.” 

-DAVID GRIEGO 
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Air Force Staff Sgt. Robert “Bo” Wester (Ret.) 

Iraq 2007, 2008-09, Afghanistan 2010 

Suiting up before attempting ordnance disposai “is the iast iine. There’s no 
one else to call... It’s the person and the lED... and if a mistake is made at 
that point, then death is almost certain. They call it the long walk because 
once you get that bomb suit on, number one, everything is harder when 
you’re wearing that 100 pounds... Two, the stress of knowing what you’re 
about to do. And three, it’s quiet, and it seems like it takes an hour to walk.” 
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Army First Sgt. David Griego 
Iraq 2008, Afghanistan 2012 

“One bad thing about the NICoE [program] is that you have to talk 
about what happened. And so one of the things I know— and not to 
deter you from asking questions here— but any time i have to taik about 
it for a whiie, I can tell I may have or may not have some images and 
nightmares tonight... Sometimes you find yourself saying, i wish i had 
iost a body part, so peopie will see— they’ll get it.” 



PHOTOGRAPHED WITH HIS WIFE, TRACY 





Best friends Ha‘a Keaulana, at right, and Maiii 
Makana dive under a wave on their way to a 
surfing spot near their hometown of Makaha. Like 
generations before them, they visit these waters 
almost every day to refresh both body and spirit. 



It takes an expert to ride the famous Pipeline, where 
jagged coral lurks just below the surface. Compet- 
itive surfers come here, to the North Shore of Oahu, 
from around the world. The vibe at Makaha, on the 



west coast, is more about the families that live there. 
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By John Lancaster 
Photographs by Paul Nicklen 



the islands where surfing began, the waves on that particular day 
were a disappointment— mushy, chest high, and annoyingly infrequent. Still, 
Hawaiians have never needed much of an excuse to grab a board and hit the 
ocean, and the takeolT zone was packed. Teens on shortboards. Moms on long- 
boards. Grade-schoolers on bodyboards. A guy with a gray ponytail on a stand-up 



paddleboard. Some had tribal tattoos in the style 
of Polynesian warriors. Straddling my surfboard 
in the deep water beside the reef, I surveyed the 
crowd with a knot in my stomach, feeling that I 
didn’t belong. 

Makaha has long been known as a beach 
where haoles, a Hawaiian term for white peo- 
ple and other outsiders, venture at their peril. 
Located on Oahu’s west coast, far from the glitzy 
North Shore crowds of Sunset Beach or Pipeline 
or the package tourists at Waikiki Beach, it has 
a reputation as a tightly cloistered community 
dominated by descendants of the ancient Poly- 
nesian seafarers who settled the islands. 

Even those Makaha residents who have come 
to terms with the United States takeover of Ha- 
waii in 1898 — and some still have not — are deter- 
mined to prevent the same thing from happening 
to their waves. Stories are legion of visiting surf- 
ers being chased from the water here, a few with 
broken noses, after breaching some unwritten 
rule. I was eager to avoid the same fate. 



John Lancaster profiled Kazakhstan’s capital, 
Astana, in the February 2012 issue. Photographer 
Paul Nicklens most recent story was “Yukon: 
Canada’s Wild West,” for the February 2014 issue. 



For half an hour I floated near the takeoff 
zone, waiting for my chance, before I finally 
spotted what appeared to be an unclaimed wave. 
I spun my board toward the beach and paddled 
hard. But just as I gained speed, a stone-faced 
teenager on a bodyboard finned up the same 
wave. He planted his hand firmly on my shoul- 
der and pushed me off the wave, simultaneously 
propelling himself down its face. I gave up and 
paddled in. So much for “aloha,” I thought. 

But over several weeks in Makaha I came to 
grasp that what looked like thuggish protection- 
ism was in fact more complicated. Hawaiians, 
after all, are the original surfing fanatics, having 
embraced the sport since roughly the time of the 
Crusades. They are also, in some sense, survi- 
vors. Since the coming of the first white men in 
the late 18th century, their history has been col- 
ored by loss — first of numbers, as imported dis- 
eases burned through their ranks, then of land, 
nationhood, and culture. Even hula dancing all 
but vanished. For Hawaiians — an increasingly 
imprecise term after waves of immigration to 
the islands and generations of intermarriage — 
surfing is a tangible link to the precolonial past 
and a last remaining shard of cultural iden- 
tity. It’s also a testament to Hawaiians’ almost 
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Wearing a male, or loincloth, construction 
worker Keli‘iokalani Makua reveals 
traditional tattoos that tell his life story. 
Body art is a popular sign of Hawaiian 
identity, but including the face is rare. 
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Hawaii’s surf spots 

Oral histories identify ancient 
surfing locations throughout the 
main Hawaiian Islands. Many of 
those places attract modern 
surfers, especially from Novem- 
ber to March, when wave heights 
peak on the northern shores. 



# Pre-European-contact surf location 
,5 Average breaker height in feet* 

25 Average breaker height in feet, 
extreme conditions only 

'Breaker heights are for high season, 
which varies on different sides of the 
islands. Some figures are estimates. 
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mystical connection to the ocean. No wonder 
they can get a little prickly about their waves. 

“We got nice people here, but if you treat them 
bad, they’ll treat you bad.” It wasn’t a threat, just 
a simple statement of fact. The man who uttered 
it was sitting on a tree limb that had washed up 
on the beach. Though well past retirement age, 
he looked like someone you didn’t want to cross, 
a thick-chested guy in board shorts, sunglasses, 
and a black sun visor. His hair was a luxuriant 
white, and the slablike planes of his face evoked 
the ancient Hawaiian alii, or chiefs, he counts 
among his forebears. 

“The guys, if they tell you they’re going to do 
something to you, they will do something to 
you,” he said. “Just remember where you’re at.” 

On the subject of Makaha and its customs, 
there is no higher authority than Richard “Buf- 
falo” Keaulana, a rare full-blooded Hawaiian 
who has spent most of his 80 years on Oahu’s 
West Side. His standing in the community is 
closely linked to the ocean. Keaulana was a pre- 
ternaturally gifted surfer as well as Makaha’s first 
full-time lifeguard and the founder of a well- 
known surfing competition called the Buffalo 



Big Board Surfing Classic. He remains the most 
prominent of Makaha’s famous “uncles” — the 
mostly Hawaiian elders who serve as guardians 
of the community — and is revered throughout 
the islands as the apotheosis of the “waterman,” 
an aquatic all-rounder who combines reverence 
for the ocean with deep knowledge, skill, and 
courage. “Last of the traditionalists,” one ad- 
mirer told me. 

The waterman ethos dates to the first Hawai- 
ians, who are believed to have sailed to the islands 
in double-hulled canoes from the Marquesas 
around a.d. 700, followed by similar mariners 
from Tahiti five centuries later. These settlers 
probably brought with them some familiarity 
with surfing, at least in rudimentary form, 
but only in their new homeland did the sport 
become an important part of the culture, em- 
braced by chiefs and commoners of both gen- 
ders on most of Hawaii’s eight major islands. 
There were surfing temples, surfing deities, 
surfing contests with crowds of onlookers gam- 
bling on the outcome. The royals rode massive 
olo boards hewed from the wood of the wiliwili 
or the koa tree, while their subjects typically 
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surfed on shorter, thinner alaia boards. A new 
swell could empty a village for days. 

New England missionaries, who followed the 
1778 landing of British explorer James Cook, 
often have been blamed for putting a damper 
on the sport the natives called he‘e nalu. Their 
principal objection, it seems, was to the locals’ 
preference for surfing in the nude. Far more 
harmful to surfing, as to Hawaiian society it- 
self, was the arrival of European diseases such 
as smallpox. By the time Congress formally an- 
nexed Hawaii in 1898, the native population had 
fallen to about 40,000 from as many as 800,000 
at the time of Cook’s landing. 

The bitter legacy of colonization left an indel- 
ible stamp on Hawaiians of Keaulana’s genera- 
tion. He spent his childhood in poverty, much 
of it on state-provided “homestead” land — 
Hawaii’s version of an Indian reservation — in the 
West Side community of Nanakuli. The native 
language had been purged from public schools 
in favor of English, though in practice the locals 
spoke pidgin, an English-based creole still com- 
mon in the area. 

Keaulana ran away from home at the age of 
ten, after his abusive stepfather chased him into 
a taro plot with a knife. He bounced among rela- 
tives and friends, dropped out of school after the 
eighth grade, and endured periods of homeless- 
ness, sleeping in cardboard boxes and stealing 
chickens to survive. 

The ocean proved his salvation — “a place to 
get away,” he called it. A powerful swimmer, he 
learned to fish with a speargun made from a 
sharpened coat hanger and a length of rubber 
tubing. As a teenager, he worked as a diver, un- 
snagging the nets of Filipino fishing sampans 
from coral reefs. Then he discovered surfing. 

Of course Keaulana wasn’t entirely unfamiliar 
with the sport that had so obsessed his ancestors. 
Since the turn of the century Hawaiian beach- 
boys had been teaching tourists how to surf 
on the gentle breakers of Waikiki, and during 
Keaulana’s childhood a few Hawaiians could still 
be found riding V-bottom redwood boards on 
a break near Nanakuli. He learned to surf on 
a crude surfboard made from glued- together 



railroad ties. But he didn’t truly embrace the 
sport until he fell in with a handful of pioneer- 
ing haole surfers, some from California, who 
arrived at Makaha in the early 1950s. 

The newcomers rode lightweight boards made 
from fiberglass and balsa wood (soon replaced 
with polystyrene foam) and outfitted with fins 
so they could be turned easily. Makaha became a 
laboratory for new surfing techniques and board 
designs as well as the setting for what was billed 
as the first international surfing contest, in 1954. 
Keaulana joined the party and soon emerged as 
one of the best surfers of his generation, with 
a fluid, ambidextrous style that he would later 
showcase in surfing movies and contests as far 
away as Peru. 

Makaha became a laboratory 
for new surfing techniques 
and board designs. 

After stints in the Army and as a beachboy at 
Waikiki, Keaulana returned to Makaha in 1960 
with a wife and a job as parkkeeper and then life- 
guard, bringing up four children in an apartment 
above a public bathhouse on the beach. Eventu- 
ally Keaulana was able to build a house, after he 
rescued a wealthy Texan who was knocked sense- 
less while surfing in big waves. The man gave 
Keaulana $30,000 as an expression of gratitude. 

Keaulana’s renowned waterman skills earned 
him a prominent role in the Hawaiian cultural 
and political awakening that came to be known 
as the Second Hawaiian Renaissance. In 1977 he 
kicked off his eponymous surfing contest, whose 
party atmosphere and multiple events — canoe 
surfing, tandem surfing, longboarding — recall 
the ancient Makahiki festival held in honor of 
the Hawaiian god Lono. Keaulana’s chieflike 
status was enhanced by his burly physique and, 
when necessary, “a look that chills your bones,” 
in the words of his eldest son, Brian, who added, 
“Every local kid knows that look.” 

At the same time, “Uncle Buff” was nothing if 
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In his workshop at home in Makaha, retired bus 
driver Bruce DeSoto sculpts a foam board by 
hand. “My shaping is pretty old style,” he says. 
“Nowadays there are computers that shape the 
boards. They pop them out in factories.” 





Evoking the original community spirit of surf-riding, 
paddlers work together to catch a wave with an 
inflatable board called a Supsquatch. On flat water 
‘you can just go sightseeing, enjoy it with your 
family,” says Eli Smith, steering at the back. 



not pragmatic, as he showed in the running of 
his contest. Tourists who drove up from Honolu- 
lu often returned to their rental cars to find win- 
dows smashed and wallets missing. “That’s the 
stupid thing they do. They bring a lot of mon- 
ey,” Keaulana said. So he identified the locals 
responsible for the break-ins — “all the thieves 
and make-trouble guys” — and hired them as 
security guards. The thefts mostly stopped. 

In recent years resorts have begun spread- 
ing up the West Side, and vacation homes 
have sprouted amid the modest plantation-style 
houses that cluster on either end of Makaha’s 
golden beach. But in other ways little has 
changed. At a beachside picnic table in the shade 
of a milo tree, Keaulana and his fellow uncles 

For the most part 
this is not the Hawaii 
of tourist brochures. 

while away the hours “talking story” or play- 
ing dominoes, and outsiders are received warily, 
at least at first. “You got any ID?” one of the 
uncles demanded when 1 first appeared with my 
notebook and questions. 1 later asked the same 
man if he worried about the influx of nonlocals 
competing for waves, and he assured me that he 
didn’t. “We regulate that to death, brah.” 

THE COMMUNITIES collectively known as the 
West Side are situated along Oahu’s Farrington 
Highway, which begins west of Pearl Harbor and 
passes through Makaha before terminating near 
the island’s northwestern tip, called Kaena Point. 
Running along the base of the Waianae Range, it’s 
a rain-starved coastal strip that’s one of the oldest 
settled parts of Oahu. Here and there are ruins 
of stone temples and fishponds, along with more 
contemporary echoes of Hawaii’s past: roadside 
stands selling poke (raw fish) and laulaus (pork 
wrapped in taro leaves), outrigger canoes hauled 
up on the beach at Pokai Bay. But for the most 
part this is not the Hawaii of tourist brochures. 



In the main town of Waianae the highway is lined 
with fast-food outlets, pawnshops, and scruffy 
shopping plazas. Homeless people camp in a 
thicket near the boat basin. I went to Waianae 
to meet one of Keaulana’s “make-trouble guys,” 
a surfing prodigy with a troubled past named 
Sheldon Paishon. 

I turned in to a neighborhood of ramshackle 
houses, one of which had a bedsheet hanging in 
the front door. Paishon poked his head through 
the opening and joined me in my car. 

Born on the West Side in 1993, Paishon had 
a painfully thin build and a crest of floppy, sun- 
bleached hair that he calls a “frohawk.” I asked 
whether he wanted breakfast. He declined, ex- 
plaining that he had eaten well the night before. 
He told me that his mother had been panhan- 
dling at the Waianae Mall, where someone had 
bought her a bucket of Kentucky Fried Chicken 
that she brought home to her family. “She met 
the right person,” Paishon said. “She got blessed.” 

We drove north to Makaha, stopping briefly 
so that Paishon could retrieve his surfboard 
of the moment — a sorry-looking thing with a 
busted-off nose — from the bushes where he’d 
stashed it the day before. We continued in the 
same direction and a few minutes later parked 
along the beach at Yokohama Bay. 

“Yokes” is considered the heaviest break on 
the West Side, and on this morning it was easy 
to see why. Thick, powerful waves unfurled 
across a shallow reef But Paishon didn’t hesi- 
tate before joining the dozen or so surfers al- 
ready in the water, and within moments he was 
dominating the field. Effortless, devil-may-care 
takeoffs, casual tube rides, soaring aerial ma- 
neuvers — he surfed with a grace and audacity 
I had rarely seen outside of pro-surfing videos. 
After half an hour, he snapped his board in half 
and swam back to the beach, holding a piece of 
it in one hand. 

A lifeguard who had been watching wagged 
his head and observed, “You shouldn’t judge a 
fish by his ability to climb a tree.” 

It seemed like a cryptic statement, but to 
anyone who knew Paishon and his history, it 
made perfect sense: Few surfers on the West 
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Riding the Waves 

For centuries Hawaiians of all social classes participated in he‘e nalu, or 
wave sliding, a sport with social and ritual importance. Modern surfers use 
boards made from synthetic materials that echo earlier wooden shapes. 
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@ Olo/Longboard 

Reserved for chiefs in the old days, the 
biggest boards are good for riding long, 
rolling waves. Under the right conditions, 
a surfer can glide for about 400 yards. 



Modern boards 



At the start of a ride, a surfer paddles force- 
fully to match the speed of the swell. A 
shortboard is designed for catching a wave I 
as it breaks and then staying close to the^^ 
curl. A longboard, which is more buoyant, can 
catch the rising wave long before it breaks, v 



^ V ® 

Faster and steeper 



Slower and less 
steep glide zone 



glide zone 



The Glide Zone 

As gravity pulls the board 
downward, the rising water 
pushes it forward. A surfer gets 
the best ride by angling along 
the fastest, smoothest line. 









Old Modern 



^ Paipo/Bodyboard 

Long ago women and children rode these 
boards, paddling with their arms and 
kicking to catch a wave. Today the use of 
swim fins increases the force of the kick. 



@ Alaia/Shortboard 



Ancient surfers used these boards on 
steep, fast-breaking waves. The modern 
curved profile improves maneuverability, 
aided by fins on the underside of the tail. 



Peak 



Wave Action 

The water in a swell moves in circles, rising as it 



rolls ashore. The water on the bottom slows when 



above 



it hits the slope of the seafloor, but the top keeps 
going, causing a wave to curl and break. 





FERNANDO G. BAPTISTA, NGM STAFF; PATRICIA HEALY 
SOURCES: JOHN CLARK; PAT CALDWELL, NOAA’S NATIONAL OCEANOGRAPHIC 
DATA CENTER: KEN BRADSHAW; BEN PLAYER 



Moroni Naho'oikaika, a musician who iives near Makaha, hikes south of Kaena 
Point with his son Ezekiei. He wears tattoos of things that are ciose to his heart: 
the outiine of Hawaii, footprints of an oider son, a shark for protection, and verse 
that speaks to his faith. “Jah is God,” he says. ‘‘God’s word is the music.” 



Side have shown as much talent in the water 
while struggling against such long odds on land. 
There are obvious parallels between Paishon’s 
story and Buffalo Keaulana’s. Both were raised 
amid poverty and homelessness, and both found 
their calling in the ocean. But while Keaulana 
parlayed his watermans talents into fame and a 
comfortable living, Paishon struggles to find his 
place in the world, dreaming of a career in pro 
surfing but with no obvious path to get there. 
You had to worry about his future. 

Like many on the West Side, Paishon has an 



ambiguous ethnic heritage. His mother, Sharon, 
is a haole from New Jersey. His pidgin-speaking 
father, Don, is descended from Portuguese im- 
migrants who came to the islands more than a 
century ago — along with Chinese, Japanese, and 
Filipinos — to work on sugarcane plantations. 
The line between native and non-native has long 
since blurred, and Don Paishon assumes that 
he and his son carry traces of Hawaiian blood, 
though he cannot say for sure. Even so, when 
I asked Sheldon whether he considers himself 
Hawaiian, he nodded emphatically. “In here,” he 
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said, tapping himself on the chest. “In the heart.” 

But as Paishon takes pride in his Hawaiian 
identity, he faces many of the challenges that 
afflict the native population — especially on 
the West Side, one of the state’s most disadvan- 
taged communities. 

When he was 12, his unemployed parents 
could no longer afford their apartment. For 
the next several years, the family lived in a tent 
just north of Makaha in what was then one of 
Hawaii’s largest homeless encampments. Shar- 
on struggled with depression, and Don smoked 



“ice,” the popular name for methamphetamine. 
(“I like the rev and the high,” Don told me.) 

For their child it was sheer misery, an ex- 
tended camping trip from hell. “Horrible, stinky, 
rainy, cold, scary,” Paishon recalled. “Big centi- 
pedes crawling in your tent. Sand all over your 
bed. It’s not what people think.” A bucket served 
as the toilet, and a typical dinner was pork and 
beans heated over an open fire. 

Like Keaulana before him, Paishon found 
solace in the ocean, graduating from a body- 
board to a succession of borrowed or discarded 
surfboards. He was a natural at the sport, and 
it wasn’t long before he caught the eye of the 
uncles. They supported him with more surf- 
boards (Paishon’s aggressive style means that 

The line between 
native and non-native has 
long sinee blurred. 

he breaks them on a regular basis) as well as 
food, clothing, and advice — a modern twist on 
Hawaii’s ancient hdnai system, in which families 
informally adopted the children of friends or 
relatives and raised them as their own. “We his 
real family over here,” one of the uncles told me. 

By the time Paishon was in his early teens, 
he was a regular on Oahu’s highly competitive 
junior surfing circuit. His rivals turned up at 
events with their parents, equipped with beach 
canopies, video cameras, coolers, and surfboards 
plastered with logos from sponsors. Paishon had 
no sponsors and was lucky if his mom showed 
up with a beach towel. But that didn’t stop him 
from winning, sometimes against kids who have 
gone on to lucrative professional careers. At 15, 
he was featured in Surfing magazine. 

It was a different story at school, where 
Paishon struggled with basic math and read- 
ing and was mocked by his classmates for his 
mildewed clothes. “Everyone would tease me 
because they knew I was homeless,” he said. 
“They called me the slum-dog surfer.” He began 
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Keone Nunes tattoos Napu Hamasaki the old- 
fashioned way, by tapping on a sharp comb dipped 
in ink. This was a lost art for more than a century in 
Hawaii. “I was taught by a Samoan,” Nunes says, 
“the best traditionai tattooist of his time.” 



Ha‘a Keaulana prepares for one of the worst 
surfing mishaps— a wipeout that would hoid her 
underwater— by running on the ocean floor while 
carrying a rock and pulling her friends. Her father, 
Brian, pioneered this technique to train lifeguards. 



skipping school to surf. When he did show up, 
teachers yelled at him for reading surfing maga- 
zines in class. He dropped out entirely during his 
second attempt at completing the ninth grade. 

People who knew Paishon were sympa- 
thetic to his plight, but there was only so much 
they could do. A couple whose son competed 
with Paishon on the junior circuit offered to 
take him into their home and pay his way to 
surfing contests in California and elsewhere, 
but Paishon’s mother declined to sign a power of 
attorney form. “Maybe it would have been bet- 
ter,” Paishon told me. “I would be a world cham- 
pion by now, probably.” 

Some wounds were self-inflicted. Paishon ad- 
mits he ran with the wrong crowd and smoked 



"T/ie bottom line is respect. 
You respect, you come 

surf anytime . Bruce DeSoto 



pakalolo — marijuana — sometimes paying for 
the drug by selling one of the surfboards he had 
been given. Benefactors began to lose patience. 
“I slapped his head,” one of the uncles told me. “I 
told him, ‘You’re wasted talent, another wasted 
talent on the Waianae side, another lost soul.’” 
The biggest setback came when Paishon was 
accused of stealing $1,200 from the girlfriend of 
a contest organizer. Paishon was never charged, 
but his reputation was damaged. Potential spon- 
sors turned away. “They think. He’s a punk, he’s 
from Waianae,” Paishon said bitterly. 

One late -spring night I drove with him past 
Waianae High School, where the commence- 
ment ceremony for the class of 2013 — Paishon’s 
class, had he stayed in school — had just con- 
cluded. Paishon watched silently as joyful gradu- 
ates spilled into the street with their parents and 
siblings. Several minutes passed. Finally he said, 
“I wish I would have graduated.” 

Six months later I learned that Paishon had 
found a job. A friend had hired him to clean cars 
for eight dollars an hour. “Everyone is looking at 




me different now because I’m working,” he told 
me. “It’s my step forward.” He said he planned 
to use his earnings to finance a surfing trip to 
Indonesia and then return to Hawaii for a new 
round of contests that he hoped would win the 
attention of sponsors. “I didn’t know what I 
wanted before,” he said. “Now I know. Be a pro 
surfer. That’s my dream.” 

AFTER MY INITIAL Surfing misadventure at 
Makaha, I went to see Bruce DeSoto, a member 
of one of Makaha’s most prominent families. 
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Surfers cross busy Kalakaua Avenue after a day of riding the iong, gentie waves 
that roll into Waikiki Beach. Upscale stores, luxury condos, and grand hotels now 
line the shore in this neighborhood, but passages between the buildings allow public 
access to a stretch of sand and surf that’s popular with locals as well as tourists. 



I asked him for advice on avoiding any further 
unpleasantness in the water. He leaned back in 
his armchair and replied, “When somebody 
new comes in the lineup, we expect them to 
introduce themselves and say hi, at least.” He 
continued, “The bottom line is respect. You re- 
spect, you’re welcome, then you come surf our 
place anytime you want. But if you don’t respect, 
then you got a problem.” 

A few days later I got a chance to put his 
advice into practice. A fresh swell had rolled in, 
and the waves were bigger than I’d seen them. I 



paddled out and struck up a conversation with 
a stocky Hawaiian in his early 40s. It turned out 
he was a lifeguard in Makaha who shaped surf- 
boards on the side. Bobbing on one of his own 
creations, he told me proudly about his three 
kids and their plans to compete in a weekend 
surfing contest in Honolulu. 

Then we both spotted a peak. I looked at 
him. Mine? His nod was subtle to the point of 
telepathy. I paddled hard and dropped in on the 
wave, a glorious, eight-foot wall of cobalt blue 
that carried me past the reef □ 
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Just after dawn two sisters and their cousin head 
into the surf at Makaha to warm up before a 
competition. Participating from an early age in this 
ancient sport of Hawaiian chiefs teaches children 
to take pride In the culture they’ve inherited. 




They hide in your bed and 
breed on your faee. They’re 
smaller than the period at the 
endof thissentenee. They are... 



Mighty 

Mites 



Magnified hundreds of times, this predatory 
soil mite is the terror of its microscopic world. 

PARAZERCON SR, MAGNIFIED 556 TIMES 
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By Rob Dunn 

Photographs by Martin Oeggerli 




everal years ago I made a bet about 



face mites, animals that live in hair follicles. They are so small that a dozen of 
them could dance on the head of a pin. They are more likely, though, to dance 



on your face, which they do at night when they mate, before crawling back 



into your follicles by day to eat. In those caves 
mother mites give birth to a few relatively large 
mite-shaped eggs. The eggs hatch, and then, like 
all mites, the babies go through molts in which 
they shed their external skeleton and emerge 
slightly larger. Once they’re full size, their entire 
adult life lasts only a few weeks. Death comes 
at the precise moment when the mites, lacking 
an anus, fill up with feces, die, and decompose 
on your head. 

Currently two species of face mites are 
known; at least one of them appear to be pres- 
ent on all adult humans. My bet was that even a 
modest sampling of adults would turn up more 
species of these mites, ones that are totally new 
to science. 

Biologists often make bets; they call them pre- 
dictions to sound fancier. My bet was based on 
an understanding of the tendencies of evolution 
and of humans. Evolution tends to engender its 
greatest richness in small forms. Humans, on the 
other hand, tend to ignore small things. Aquatic 
mites, for example, live in most lakes, ponds, and 
even puddles, often in densities of hundreds or 
thousands per cubic meter. They can even be 

Rob Dunn is an evolutionary biologist at North 
Carolina State University. Swiss photographer 
Martin Oeggerli specializes in scientific microscopy. 



found in drinking water, yet few people have 
ever heard of aquatic mites, including, until re- 
cently, me. And I study tiny things for a living. 

Mites also live in dust, where they have found 
unwelcome fame by eating the bits of dead skin 
that trail behind us everyplace we go. Our shad- 
ows of shed life sustain multitudes. 

Some of the real monsters of the mite world 
live in soil, where one can ftnd predatory mites 
armed with a medieval arsenal of mouthparts. 
Some have jaws with sharklike teeth; others bear 
smooth blades that snap together with tremen- 
dous force; still others stab with sharp and deadly 
sabers. These beasts stalk the tunnels of worms 
and the tiny holes between grains of sand. 

Other mites live in rain forest canopies, on 
leaves and in the soil that accumulates in the 
nooks and crannies where branches meet trunks, 
and in the cups of epiphytic plants. 

Even some of our food is mity. The flavor of 
Mimolette cheese comes from their tunneling, 
eating, excreting, and coupling. In fact, it’s no 
exaggeration to say that mites alter the world. 
They can make soil turn over faster or slower, 
decomposition speed up or slow down, crops 
grow sick or healthy. Their little limbs punch far 
above their weight. 

Just how many species of mites exist in the 
world today is not well understood. Probably 
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Supersize foot pads enable 
feather mites to hold fast to 
their avian hosts. This species 
trails sensory hairs, used for 
navigating and finding mates. 



ALLEUSTATHIA SR, 194 X 
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Heavily armored scutacarid mites hitch rides on larger arthropods 
(including other mites) in their search for food, tumbling off when 
they arrive at a source of fresh fungi and other microbes. 

SCUTACARIDAE, 629 X 




MIGHTY MITES 83 




The eating end of an oribatid soil mite is equipped with “more tools 
than a Swiss army knife,” says photographer Martin Oeggerli. They 
include short pincerlike appendages and tiny limbs for handling food 

HERMANNIELLA SP, 1 ,500 X 



at least a million, but no one knows enough to 
say with confidence, nor will anyone know for 
decades. Museum collections are filled with mite 
species no one has yet had a chance to study. Some 
undoubtedly offer fascinating evolutionary stories. 
Others eat herbivorous insects and could benefit 
agriculture or medicine. Still others may be vec- 
tors for deadly pathogens. 

Another reason for my bet: Mites are special- 
ists that occupy every conceivable niche, includ- 
ing the trachea of bees, the shafts of feathers, 
the anuses of turtles, the stink glands of bugs, 
the digestive systems of sea urchins, the lungs 
of snakes, the fat of pigeons, the eyeballs of fruit 
bats, the fur around vampire bat penises. Liv- 
ing in these habitats necessitates special hairs, 
chemicals, foot pads, mouthparts, and tricks. It 
also requires a way to get from one patch of good 
habitat to the next. 

Some mites ride from flower to flower in the 
nostrils of hummingbirds. When the bird hovers 
at a flower, the mite sniffs the blossom to see if 
it’s the right kind for finding a mate among the 
petals. If it is, the mite runs down the bird’s beak 
at speeds that are, in terms of body lengths trav- 
eled, some of the fastest on Earth. 

Other mites hitch rides on the backs of beetles 
or ants; some fly in the ears of moths. One spe- 
cies of mite hangs on to the hind foot of the 
army ant Eciton dulcius, and its hind legs serve 
as surrogates for the ant’s own claw. Others float 
through the clouds or on loops of silk that they 
produce and unfurl into the wind. 

All of this is to say that if one can imagine a 
habitat, however narrow, mites are there, even if 
that habitat is hard to reach on legs just microns 
long and a tenth the thickness of a human hair. 

Yet the marvels of mite transport pale in com- 
parison with the idiosyncrasies of mite repro- 
duction. Some clone themselves. Others eat their 
mothers. Others mate with their sisters while 
still inside their mothers and then, during birth, 
kill their mothers. In the nostrils of humming- 
birds and the ears of moths lurk Greek tragedies 
of small, strange lives. 

The habitats that offer mites the most advan- 
tages are bodies, whether of mammals, birds. 



insects, or any other creature larger than a mite. 
Bodies are the buffet bus of life, providing food 
and transportation. Mites that live on bodies are 
specially adapted to hold fast to their host, even 
when it runs, swims, or flies. 

Most bird species host more than one special- 
ized mite found nowhere else. One species of 
parakeet has 25 different species of mites living 
on its body and in its feathers, each in a differ- 
ent microhabitat. Rabbits host several species 
of mites, mice as many as six. Even seals have 
their own mites. 

Given such diversity and specialization, it’s 
easy to imagine that a roomful of people (think 
of all the habitats!) would be fertile ground for 
discovering mites — and for making good on my 
bet. For a long time this was just a conversa- 
tion starter at slow parties. But recently some 
collaborators and I gathered a group of folks 
and asked them to sample their own skin. After 
some swabbing, poking, and DNA sequencing, 
we found mites on every adult we sampled, in- 
cluding one species new to science that seems 
to live mainly on people of Asian descent. Think 
of it: A mite that probably lives on millions of 
humans, maybe even billions, and yet it was to- 
tally unknown until that moment. I was thrilled. 

How did mite systematists — scientists who 
name new species — respond? A few were ex- 
cited; the rest shrugged. They knew that my bet 
for mite diversity was an easy one, a fact of life 
they witness every time they examine a scoop 
of soil, peer into moss, or swab a friend. In fact, 
one need look no farther than the mites pictured 
in this article, most of which are unnamed spe- 
cies. In all likelihood they will long remain that 
way, mysteries in plain view, like most of life. □ 

■ MORE ONLINE ngm.com/more 

INTERVIEW VIDEO 

A Scientist 
and His Art 

Photographer Martin Oeggerli 
talks about how he creates 
and colors his images and 
why he refers to himself as a 
“micronaut”— an astronaut 
for the microcosmos. 
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Rabbit ear mites (top) chew on their unwitting host. The rabbit 
scratches, its ear oozes, and the mite feasts on the fiuid. Box mites 
(above) retract their iimbs and snap shut when threatened. 

PSOROPTES CUNICULI (TOP), 428 X; ATROPACARUS STRICULUS, 262 X 
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Scientists are discovering that mites are exquisitely adapted to 
nature’s every niche. Case in point: Colorful beads of water-repellent 
wax ensure that a moss mite stays dry In Its damp world. 

EOBRACHYCHJHONIUS SP„ 996 X 



The photographs in this article were made with a scanning electron microscope. 

The resulting black-and-white images were then colored to reflect the mites’ natural appearance. 
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Late winter snow cascades down the 
rocky slopes of Valsavarenche valley. 
Ruinous avalanches are rare in Gran 
Paradise, but in 2008 one destroyed 
several houses in two park villages. 




By Jeremy Berlin 

Photographs by Stefano Unterthiner 



O n a crisp summer morning in Degioz, a slate-roofed village in 
northern Italy, Luigino Jocolle is sharing the local news. He 
and four other gray-haired men are sitting in a tiny cafe, sip- 
ping cappuccino as espresso machines whir and pastry sugar 
perfumes the air. But they’re not discussing sports or politics. 



“Three nests!” exclaims Jocolle. His friends 
murmur and nod. “Three nests in a single kilo- 
meter! Extraordinary.” 

They’re talking about their neighbors. A pair 
of bearded vultures — breeding again in the wild 
a hundred years after the last one vanished from 
the Alps — has taken up residence near two pairs 
of golden eagles. The return of a majestic spe- 
cies, and the sight of two top predators living so 
close together, might be cheered in many places. 
But in Gran Paradiso National Park, where wil- 
derness and culture live in careful balance, it’s a 
matter of daily consequence. 

Gran Paradiso is Italy’s oldest national park. 
Established in 1922, it’s tiny by American stan- 
dards: 274 square miles in the Graian Alps, 
straddling the Piedmont and Aosta Valley re- 
gions in the country’s rugged northwestern cor- 
ner. But taken together with France’s adjoining 
Vanoise National Park, it’s one of the largest 
protected areas in Western Europe. 

Drive an hour from Turin and you’ll know 
when you’ve arrived. Highways become switch- 
backs climbing steeply into Sound of Music 
country — snowcapped mountains, alpine mead- 
ows, larch-forested valleys carved by rivers and 
glaciers. The sound of water is constant. The 

Jeremy Berlin is a staff writer for the magazine. 
Photographer Stefano Unterthiner lives near Gran 
Paradiso. Hell publish a book on the park this year. 



scent of pine is everywhere. In the heart of civi- 
lized Europe, the park Italians call “big heaven” 
blooms like an earthly Eden. No wonder the past 
two popes vacationed here. 

But human hands have shaped the landscape 
too, leaving fingerprints old and new: Neolithic 
rock etchings, Roman ruins and medieval cas- 
tles, solar panels and hydroelectric dams. Since 
World War II many people have left the area 
for jobs in cities. Yet some 8,400 still live in the 
park’s 13 municipalities, sharing space with more 
than 50 species of mammals, a hundred kinds of 
birds, and nearly a thousand types of plants and 
flowers. Plus 1.8 million tourists a year. 

Dominated by its namesake 13,324-foot-tall 
massif. Gran Paradiso today is a high-altitude 
hub of wildlife conservation, scientific research, 
and cultural preservation. But its ironic story 
begins in the 19th century. And it starts with a 
mountain goat. 

“if there were no ibex,” says Pietro Passerin 
d’EntrWes, “there would be no Gran Paradiso.” 

The Turin University zoology professor is a 
historian of the region, where his family has 
lived since 1270. On a cloudy day in Gogne, the 
park’s unofiicial capital, he tucks into a plate of 
gnocchi and unpacks the past. 

From the 16th century to the 19th, he says, 
alpine ibex were hunted for their meat, horns, 
blood (said to boost virility), and a bone from 
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which the superstitious made amulets. By 1821 
fewer than 50 were left. So in 1856, after one pro- 
tective measure had failed, Victor Emmanuel II 
set aside a royal reserve to save the species — for 
himself The Savoy king loved to hunt, and the 
graceful ibex were his favorite quarry. 

Soon paths were cleared, lodges built, villages 
absorbed into the new territory. Hunters and 
poachers were hired as game wardens. And lo- 
cals were paid to organize the king’s annual hunt. 

By 1900, when Victor Emmanuel III took 
the throne, the ibex population had swelled to 
2,000. But as war engulfed Europe, the new king 
was too busy to hunt. So in 1920 he turned the 
hunting preserve into a true sanctuary, which 
he donated to the state. Two years later the area 
was granted national park status. 

The park’s creation has led to state-landowner 
squabbles, but ibex poaching is no longer an is- 
sue: There have been just a handful of reported 
cases in the past ten years. That’s because the 
local economy is vested in ecotourism — and 
because the park assigns 58 wardens to patrol 

PHOTO: LUIGI MONTABONE. PIETRO PASSERIN D'ENTREVES COLLECTION 



Flanked by his retinue, Italy’s King Victor 
Emmanuel II (seated) takes a break during 
an ibex hunt around 1869. Before 1922, 
when it became a national park, this area 
was the king’s exclusive hunting ground. 

175,553 acres spread over live valleys. 

As the sun burns off the last tatters of morn- 
ing cloud, one of those wardens climbs an old 
hunting path from the pine-thick Valsavarenche 
valley to the boulder-strewn Nivolet Plateau. A 
hulking man with a mournful face, Giovanni 
Bracotto pauses at the pass to point out stone 
ruins of cattle barns dotting the slopes and pas- 
tures that sit above a tumble of scree. 

“A hundred years ago,” he says, “the economy 
here was agricultural. The grass had more nutri- 
ents then, so the milk was better. The summer 
cheese was too. But many things have changed.” 
Including the wardens’ jobs. Working alone 
from dawn to dusk — 14 hours in summer — they 
repair trails, assist hikers, and monitor the park’s 
59 (shrinking) glaciers. They also keep tabs on 
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wildlife. Using GPS, computer tablets, telescopes, 
and thermographic cameras, Bracotto and his 
crew help the parks scientists tag, collar, and tally 
ibex and chamois, the park’s other wild goat. Last 
September their ibex count — 2,772 — confirmed 
a 20-year trend: When it comes to the park’s 
spirit animal, there’s trouble in Gran Paradiso. 

AS DUSK CLOAKS the Alps in shadow, Achaz von 
Hardenberg lowers his binoculars. 

The park’s fair-skinned, German-born biolo- 
gist is standing on the rim of a peaceful valley 
called Levionaz, waiting to weigh ibex. Earlier, 
during the fine warm day, herds of four and five 
were loping elegantly across the plateau and 
grazing high on the cirque’s slopes. But tonight 
they’re ignoring the salt lick von Hardenberg has 
set up next to an electronic scale. “I don’t know 
where they could be,” he mutters. 



indicated that ibex meat was part of his last meal. 

“Yet after all this time they’re still not well 
adapted to life up here,” says von Hardenberg. 
“They were hunted in the lowlands during 
prehistoric times, which may have been what 
pushed them to the highlands. Over thousands 
of years they’ve adjusted to the harsh climate, 
but they still don’t thrive in deep winter snow.” 

As the night wears on in Levionaz, the valley 
stirs. A marmot sips from a rushing stream. A 
fox finds a dead chamois in a crevasse and enjoys 
a hasty dinner. But ibex are nowhere to be seen. 

IBEX ARE GRAN PARADiso’s raison d’etre, but 
they aren’t the only inhabitants of note. 

In the gneiss hills above Nivolet, a researcher 
named Luca Gorlatti is tracking chamois, less 
famous but more populous than ibex — latest 
count, about 8,000 — with numbers remaining 



Some call the wolves a monstrous threat to livestock. 
Others sell cute wolf T-shirts alongside prosciutto. 



In 1993 you couldn’t miss them: There were 
nearly 5,000 in the park, a high-water mark. 
Their numbers have been dwindling ever since. 

No one is sure why, but theories abound. Von 
Hardenberg has two of his own. One is that old- 
er females are breeding now, producing weaker 
kids that are less equipped to thrive. His other 
theory is rooted in climate change: Grass used 
to peak here in high summer, when ibex kids are 
born. Now, because there’s less snow, the grass 
grows earlier in the year. That means newborns 
have less to eat, less nutritious milk to drink — 
and less chance of living long enough to claim 
mates and have kids of their own. 

Von Hardenberg is hoping an analysis of satel- 
lite data — showing how alpine -meadow vegeta- 
tion has changed over three decades — will help 
solve the mystery. But ibex are an age-old puzzle, 
he says. In coastal Puglia, the heel of Italy’s boot, 
fossil remains reveal the animals’ ancient pres- 
ence. So did the guts of Otzi, the 5,300-year-old 
preserved mummy found in 1991; DNA analysis 



stable. On the green slopes of Orvieille, Gateri- 
na Ferrari is deciphering the personalities and 
social structures of marmots — furry, bearlike 
rodents that lumber comically through the tall 
grass, whistling coded warnings to each other. 
And on a raft in Lake Djouan, Rocco Tiberti 
has netted thousands of brook trout, removing a 
species that’s gobbled up insects and other native 
organisms since it was imported in the 1960s. 

Then there’s the wolf In 2007, more than a 
century after the species was exterminated here, 
a pack of seven appeared in Aosta Valley. When 
a few shepherds lost sheep, the wolves were 
blamed. In 2011 the pack vanished — “probably 
shot,” says von Hardenberg — but the next year 
another pair arrived, this time in the lush Soana 
Valley. By last fall there were at least ftve again. 

Bruno Bassano, the park’s veterinarian and 
scientific manager, says the wolves are a boon: 
They cull foxes and wild boars, balancing the 
ecology. But locals are divided. Some call the 
animals a monstrous threat to their livestock. 
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Others monetize them. In a delicatessen in the 
village of Piamprato, T-shirts with cute wolf car- 
toons hang for sale alongside strips of prosciutto. 

Anna Rotella is untroubled. On a bright July 
morning in Valsavarenche, she and her partner, 
Claudio Duguet, milk dozens of white sheep and 
goats, then lead the flock across the turbulent 
Savara River, where the grass is good. “Only 
the ignorant people fear the wolf,” Rotella says. 
“Educated farmers and shepherds know it is not 
evil. It is just hungry, like anything else.” 

Over on the Piedmont side of the park, the 
ruddy-faced Longo family — Beppe, Lina, and 
their grown son, Claudio, plus his girlfriend, 
Licia — say the wolves don’t bother them ei- 
ther. They live in a stone house with a leaning 
A-frame, ringed by emerald slopes veined with 
waterfalls and avalanche stains. Everything here 
is done by hand, as it was a hundred years ago. A 
cell phone is the only concession to modernity. 

As chickens squawk and cowbells clonk, 
Beppe and Claudio pull six round blocks of 



cheese from a rusted iron cauldron boiling 
with freshly drawn milk. Lina scoops softball- 
size chunks of butter from an old churn, then 
pounds the yellow globs into a bricklike block. 
Licia washes clothes in a bathtub, using a scrub, 
a rock, and water delivered by a Rube Goldberg- 
esque sluice system that snakes up the hill. 

About ten other families in the valley live 
similarly. It’s a break-even existence: The profit 
they make from selling their dairy products at 
market covers rent and little else. But, says Lina, 
it’s a lifestyle that’s as priceless as it is timeless. 

BACK AT THE CAFE IN DEGIOZ, LuiginO Jocollc 

says there’s not enough money for national parks 
these days, and too much bureaucracy. As envi- 
ronmental laws clash with building codes and 
business interests, it can be hard to maintain the 
park’s unique blend of culture and conservation. 
Which is nothing new. 

“In Gran Paradiso,” says Jocolle, “we always 
have to balance social and natural priorities.” □ 



VIRGINIA W. MASON, NGM STAFF. SOURCE: GE04MAP 
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With Grat) ParadisD’s massif loom 
bieyohd a cloud banis. a yellow-billgd i'- 
J\lpine»etu3ugh swoops and soars on 
^ermals aiij^updrafts. The park Is home 
red spepies of birds. 






Ibex are Gran Paradiso’s spirit animal. Their fate 
and the park’s have been entwinedfor centuries. 







A park for all seasons: In spring male Ibex establish their 
hierarchy by locking three-foot-long horns (left). Springtime 
is also when high-foraging chamois (top) give birth; there are 
now about 8,000 in Gran Paradiso. In cold weather, a normally 
reddish brown ermine changes into its white winter coat. 
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Summer nighffalls over an alpine 
meadow stippled#with wildflowers. 

In a busy country on a crowded 
continent, Gran Paradise’s unspc^d 
landscape is an arcadian oasis. ‘ 
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Florida’s bill is coming due, 
as the costs of climate change 
add up around the globe. 
Adaptations will buy time, 
but can they save Miami? 




New luxury towers crowd Sunny Isles Beach, Florida. 
Miami and its suburbs face a bigger financial risk from 
flooding in 2050 than any other urban area in the world. 
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Canal merges with cul-de-sac In Fort Lauderdale 
' during a “king tide," when the Earth, moon, and sun 

are in an unusual alignment. This October 2014 
^ ^ king tide, which was a foot above the typical high 

tide, offers a preview of the new normal. 










By Laura Parker 

Photographs by George Steinmetz Springs 

Maps and graphics by Ryan Morris, Alexander Stegmaier, and John Tomanio '■ 
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Frank Behrens, a gregarious 
pitchman for a Dutch 
development company that 
sees profit, not loss, in climate 
change, cuts the engine on our 
22-foot Hurricane runabout. 

We drift through brackish 
water toward the middle of 
privately owned Maule Lake 
in North Miami Beach. 

It’s not quite paradise. 

The lake, like so many others in Florida, began 
as a rock quarry. In the years since, it has served 
as a venue for boat races, a swimming hole for 
manatees, and a set for the 1960s TV show Flip- 
per. More recently, as if to underscore the im- 
permanence of South Florida’s geography, more 
than one developer has toyed with partially fill- 
ing in the lake to build condos. Behrens is pro- 
moting a floating village with 29 private, 
artificial islands, each with a sleek, four- 
bedroom villa, a sandy beach, a pool, palm trees, 
and a dock long enough to accommodate an 
80-foot yacht. The price: $12.5 million apiece. 

Dutch Docklands, Behrens’s firm, has op- 
tioned the lake and is marketing the islands as 
a rich man’s antidote to climate change. As for 
the risks from rising sea levels, well, that’s the 
beauty of floating homes. The islands would be 
anchored to the lake bottom with a telescoping 
tether similar to those that enable floating oil 
rigs to ride out the roughest hurricanes. 

The floating-village plan is part of a frenetic 
building boom, fueled by wealthy South Ameri- 
cans and Europeans buying with cash, that is 
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transforming Miami’s skyline. From our boat we 
can see construction cranes cluttering the sky 
along the barrier island of Sunny Isles, where 
creme de la creme luxury is the hot trend. In 
a real estate market that celebrates opulence — 
the $560 million Porsche Design Tower features 
glass -walled car elevators that stop at every 
apartment — it was probably inevitable that the 
greatest threat to South Florida’s existence would 
be used as a promotional strategy. 

The Dutch project sounds like one more loopy 
development in a long history of loopy Florida 
developments. But its climate- conscious design 
sets it apart from most of the surrounding high- 
rises, which are going up with little consideration 
for the rising seas projected to frequently flood 
South Florida in the coming decades and to sub- 
merge much of it by the end of the century. 

These contradictory approaches — plunge 
ahead, even if only for one more mortgage cycle, 
or look ahead, preparing for whafs coming — 
reflect a turning point in the discussion about 
climate change. As warnings about global warm- 
ing become more dire and the consequences in- 
creasingly evident, more and more businesses, 
and local officials, are factoring climate change 
into their decisions about the future. They’re 
focused less on reducing the carbon emissions 
that are warming the planet — that’s for political 
leaders — and more on adapting to severe weath- 
er and flooding, which is already occurring as 
seas rise. And in towns like Miami, where real 
estate development is an economic engine, busi- 
nesses are focused on how to keep that growth 
growing for as long as they can. 
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AN ALTERED SOUTH FLORIDA 

The coast would be radically changed by 
five feet of sea-level rise In 2100, as shown 
here. This projection is on the high end of 
the plausible scenarios— though not the 
highest— under consideration by multiple 
agencies planning for Florida’s future. 
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Home on the Water 

Some 2,100 miles of canals built over the past century to drain the Everglades 
empty Into the Atlantic Ocean. Higher seas have already allowed salt water to 
flow Inland through the canals. Gates now keep out most salt water, and massive 
pumps, including on the Miami River (above), keep canals from overflowing by 
pushing excess rainwater out to the ocean. Given just two feet of sea-level rise, 
more than 80 percent of the gates will no longer work. In Biscayne Bay the 
Venetian Causeway connects Miami Beach to Miami (in the distance, top right) 
by way of the six man-made Venetian Islands, which epitomize waterfront living. 
The canals have made developments at the edge of the swampland possible 
in places like west Palm Beach County (bottom right). 
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Behrens, who spent his boyhood in Aruba, 
moved to Miami a decade ago. He signed on 
with Dutch Docklands in 2013, after it became 
clear that the region’s civic leaders were awak- 
ening to the depth of their impending disaster. 

The firm’s visionaries in Amsterdam foster 
no illusion that their floating village could save 
South Florida. It’s only one innovative water 
project among many in the Dutch tool kit that 
has preserved the low-lying Netherlands since 
the Middle Ages. Still, Behrens says, the project’s 
value as a high-end venture appeals to investors 
in a region that will have to be reimagined in 
the coming decades. And if the floating village 
succeeds, a range of other possibilities opens up: 
floating communities with floating parks and 
floating schools. A floating hospital. “You name 

“We^re in for it. 

We have really 
done a Job warming 
our ocean, and 
Ws going to pay 
us hack 

-HAL WAN LESS 

University of Miami geology professor 

it,” says the man whose company built a floating 
prison outside Amsterdam. 

“People only see the negative effects of flood- 
ing,” Behrens says, without a trace of irony. “We 
need to show people there is a way to make 
money out of this. For the government, there 
are tax dollars. For developers, their investment 
is secured for the next 50 years. There is a lot of 
money involved in this climate change. It will 
be a whole new industry.” 

Florida is a good place to see the costs — and 



Laura Parker is a staff writer for the magazine. 
George Steinmetz is a longtime contributor who 
specializes in aerial photography. 




Panama City 



potential profits — of climate change emerging 
into sharper view. Many coastal places are at 
risk, but Florida is one of the most vulnerable. 
While government leaders around the world, in 
Washington, and even in Florida’s statehouse 
in Tallahassee dither over climate change, here 
on Florida’s southern tip more than a few civic 
leaders are preparing. Florida’s future will be de- 
fined by a noisy, contentious public debate over 
taxes, zoning, public works projects, and prop- 
erty rights — a debate forced by rising waters. 

ALONG WITH RISING SEAS, Florida will 
be battered in the coming decades by extreme 
weather — dry-season drought and rainy-season 
deluges — the U.S. government’s National Cli- 
mate Assessment predicts. Heat and drought 
threaten an agricultural industry that supplies 
the East Coast with winter vegetables, and they 
could undermine the three mainstays of Florida 
farming — tomatoes, sugarcane, and citrus. The 
rainy season will be stormier, with fiercer hur- 
ricanes and higher storm surges. 

The most profound disruption will occur 
along the state’s 1,350 miles of coastline. Three- 
quarters of Florida’s 18 million people live in 
coastal counties, which generate four-fifths of 
the economy. Coastal development, including 
buildings, roads, and bridges, was valued in 2010 
at two trillion dollars. Already more than half the 
state’s 825 miles of sandy beaches are eroding. 

Four southern counties — Monroe, Miami- 
Dade, Broward, and Palm Beach — are home 
to about one-third of Florida’s population, and 
about 2.4 million people live less than four feet 
above the high-tide line. The streets of Fort Lau- 
derdale, Hollywood, and Miami Beach often 
flood during the occasional “king tides,” which 
are much higher than normal high tides. 

The oceans could rise two feet by 2060, 
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Hurricanes 

Storm surges— the 
quick rise of sea 
level caused by 
heavy winds— will 
be significantly 
more damaging 
by 2100, climate 
scientists predict. 
They’re often the 
biggest threat to 
life and property. 



FLORiDA iN 2100 

A SHRINKING 
COASTLINE 

If sea levels rise five feet, 
nearly one million of the 
current homes near the coast 
will be below the average 
day’s high tide. 

Other structures at risk include 
7 power plants, 26 hospitals, 213 
schools, and 32 sewage plants. 

In total, some $390 billion worth 
of property could be damaged 
or lost— a sum five times as great 
as Florida’s state budget. 
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according to the National Climate Assessment, 
as their waters warm and expand and as the 
Greenland and polar ice sheets melt. By 2100 
seas could rise as much as 6.6 feet. That would 
put much of Miami-Dade underwater. For every 
foot the seas rise, the shoreline would move in- 
land 500 to 2,000 feet. 

A two-foot rise would be enough to strand 
the Miami-Dade County sewage-treatment plant 
on Virginia Key and the nuclear power plant at 
Turkey Point, both on Biscayne Bay. 

“At two feet they will be sitting out in the 
ocean,” says Hal Wanless, chairman of the Uni- 
versity of Miami’s geology department. “Most 
of the barrier islands will be uninhabitable. The 
airport is going to have problems at four feet. We 
will not be able to keep freshwater above ocean 

The watchwords 
are **protect/* 
^^accommodate” and 
^Tetreat” which 
sound a lot like a civil 
engineer's version 
of the stages of grief 

levels, so we’re going to have saltwater intrusion 
into our drinking-water supply. Everyone wants 
a nice happy ending. But that’s not reality. We’re 
in for it. We have really done a job warming our 
ocean, and it’s going to pay us back.” 

Wanless, who is 72, didn’t think he’d witness 
the serious effects of climate change in his life- 
time. For three decades he was a lonely voice 
warning that the warming ocean could inundate 
South Florida. In the 1980s he documented that 
barnacles were attaching themselves higher on 
bridge piers in Coral Gables, where he lives, than 
they were in the 1940s. In recent years he ana- 
lyzed the shrinking glaciers in Greenland and 
concluded that the main scientific modeling 
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used to calculate sea-level rise hadn’t fully ac- 
counted for accelerating ice melt. Last year the 
United Nations’ Intergovernmental Panel on Cli- 
mate Change gave greater weight to ice-sheet 
melt in its calculations, raising its projections 
for sea-level rise. 

Florida’s long, low coastline may make it more 
vulnerable, but no region is immune. In 2012, 
flooding, wildfires, drought, and storms around 
the country caused more than $110 billion in 
damages, the second costliest year in US. his- 
tory. In a foreshadowing of severe weather to 
come globally, Typhoon Haiyan spiraled across 
Southeast Asia in 2013 and struck the Philip- 
pines, killing 6,200 people. That year also saw 
crop-destroying droughts on nearly every con- 
tinent, most notably in Africa and South Asia. 
The Brazilian Highlands, the center of South 
America’s monsoon region, experienced the 
worst drought since 1979, prompting water 
rationing. Rapid glacial melting in the Andes 
and Himalaya will exacerbate water shortages 
in Peru, India, and Nepal. 

The coming decades, the World Bank predicts, 
will see political instability, food shortages, and 
famine, leading to the displacement of miUions of 
people. South Asia’s and Southeast Asia’s heavily 
populated coasts, particularly those in Bangla- 
desh and Vietnam, could be inundated. Worse, 
rising seas could invade major river deltas, poi- 
soning them with salt water and destroying some 
of the world’s richest agricultural land. The Me- 
kong River Delta in Vietnam, where 17 million 
people live and half the country’s rice supply is 
grown, is already battling saltwater intrusion. 

IN SOUTH FLORIDA civic leaders have be- 
gun to map out their future on their own. Little 
help has come from the state legislature, which 
is controlled by Republicans, many of whom 
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FLORIDA IN 2100 

EXTREME HEAT 

Temperature swings will 
become more volatile by 
century’s end, climate scien- 
tists say. Residents of the 
southeastern United States 
currently endure about eight 
days of temperatures at or 
above 95°F every year. By 2100 
they could face an additional 
48 to 130 days. Changes in 
Florida’s rainfall patterns “are 
one of the big unknowns,” says 
Leonard Berry, a geoscientist 
at Florida Atlantic University. 



Electricity Costs 

Data from a Tufts University study 
indicate that electricity costs 
could jump $90 a year per person 
for each degree of temperature 
rise over Florida’s current seasonal 
averages. That would be an extra 
three billion dollars a year for each 
degree of warming by 2100. 



Climate 
vs. weather 

A small Increase 
In average tem- 
perature can 
multiply the risk of 
extreme events 
many times 
over— making for 
longer and more 
intense heat 
waves, droughts, 
and wildfires. 
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remain skeptical of climate science. Rick Scott, 
the Republican governor, has mostly avoided the 
subject, repeatedly declaring, “I’m not a scientist.” 
Last summer, after five of Florida’s top climate 
scientists, including Wanless, briefed Scott, he 
thanked them and said nothing else. 

The four southern counties have drafted a 
general to-do list that would “reengineer” the 
region, step-by-step, through 2060. A detailed 
blueprint will be years in the making. But the 
approach is largely familiar. 

“We will do what we always have done,” says 
Joe Fleming, a Miami land-use attorney. “We 
will dredge and prop everything up.” 

Harvey Ruvin, a former county commissioner 
who headed a sea-level-rise task force for Miami- 
Dade County, lays out the thinking so far: “The 

It will take 
technology not 
yet imagined to 
overcome the 
challenges posed by 
South Floridans 
unusual geology. 

whole idea is to do this comprehensive capital 
plan that would include all kinds of things — 
desalination plants, the lifting of roads, where 
to raise land, where to create canals. Part of the 
future has to be raising some land at the expense 
of other land.” 

Ruvin knows what he’s up against. Procrasti- 
nation. Disputes over property rights. Long bat- 
tles over changing zoning and building codes to 
prohibit building in areas that can’t be protected. 
And he doesn’t want to talk about the cost of 
all that reengineering. “I can’t even give you a 
real number. Maybe $50 billion?” Ruvin muses, 
though he knows that’s low. He’s focused on 
how to pay for long-term projects in a place that 



Panama City Beach 



operates on capturing short-term gains. “How 
do you take this to the voters for a bond issue 
when the county commissioners are afraid to 
increase property taxes a hair to fund libraries?” 

Now the Miami-Dade County Court clerk, 
Ruvin, at 77, is one of the region’s most skillful 
politicians. He has tried to use the consequences 
of doing nothing on climate change to prod foot- 
draggers. It’s the same strategy used by Michael 
Bloomberg, a former mayor of New York City, 
and Henry Paulson, a former U.S. Treasury sec- 
retary; in 2014 they assembled financial heavy- 
weights to catalog the cost of inaction on climate 
change in every region of the country. 

Last year Ruvin invited two executives from 
Swiss Re, the global reinsurance giant, to brief 
his task force about Florida’s precarious future. 
The hard-nosed number crunchers created a 
predictive model that showed the region could 
expect annual losses from storm-related events 
to reach $33 billion by 2030, up from $17 billion 
in 2008. They also said those losses could be 
reduced by 40 percent if the region acted soon 
to protect vulnerable real estate. “These kinds of 
issues cannot just be left for another 10, 20, or 
30 years’ time,” says Mark Way, a sustainability 
specialist for Swiss Re. 

Another factor. Way says, is that subsidized 
government insurance programs in Florida have 
skewed the marketplace, leading to underpriced 
rates that don’t reflect the actual risks. “That has 
the net effect of basically encouraging develop- 
ment directly or indirectly in areas that other- 
wise don’t make any sense.” 

Already civic leaders are fortifying seawalls 
and installing pumps. Later come more daunt- 
ing projects: moving utilities from the coasts 
and protecting high-value real estate — univer- 
sities, hospitals, airports, and tourist areas that 
drive Florida’s economy. Their watchwords are 
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THE ECONOMIC TOLL 

THREATENED 

INDUSTRIES 

The effects of climate change 
on the state’s major industries 
will be felt nationwide. Florida 
was the fourth largest con- 
tributor to the U.S. economy 
in 2013. 
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Agriculture 

Two key agricultural crops in 
Florida, oranges and sugarcane, 
were worth $952 million and 
$677 million respectively in the 

2012-13 growing season. KEY WEST 



Tourism 

Some 94 million tourists visited 
in 2013; together with in-state 
tourists, they spent $76 billion. 

Construction 

$65.6 billion worth of housing has 
been built in Florida since the U.S. 
housing bubble burst in 2008. The 
state is now the eighth fastest 
growing in the nation. 



$2 billion 
Many of the 
Keys are less 
than 5 feet 
above sea level. 






Eroding beaches 

More than half 
of Florida ’s 825 
miles of beaches 
are already 
eroding. The U.S. 
Army Corps of 
Engineers spent 
$150 million in 
2013 replenishing 
just 39 miles of 
sandy shoreline. 
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faces a destructive 
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rising seas and 
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Powerful water jets keep pleasure-seekers aloft 
in Biscayne Bay, near downtown Miami. They’re the 
latest toys in a city that embraces an exuberant 
aquatic lifestyle, even as rising seas threaten its 
long-term survival. 



“protect,” “accommodate,” and “retreat,” which 
sound a lot like a civil engineer’s version of the 
stages of grief But the group is an optimistic one. 

“It doesn’t do any good to set your hair on fire 
for something that’s 70 years out,” says Kristin 
Jacobs, a former Broward County commissioner 
and member of President Barack Obama’s cli- 
mate change task force who was elected to the 
Florida legislature last fall. 

She puts her faith in technology. “If you look 
at settlement across the planet since time began, 
we evolve to what we need,” she says. “Other 
countries, like Holland, have figured out a way 
to be resilient. We are looking to be resilient.” 

THE DUTCH HAVE BEEN TRAWLING for 

business in coastal cities from Jakarta to San 

**These kinds 
of issues cannot 
just be left 
for another 
10, 20, or 
30 years* time.** 

-MARK WAY 

Swiss Re sustainability expert 

Francisco. They established a beachhead in South 
Florida several years ago when Behrens founded 
a Dutch chamber of commerce in Miami. 

In the Netherlands, where two-thirds of the 
population lives at or below sea level, about 450 
companies make water their business, account- 
ing for about 4 percent of the economy. That’s on 
a par with the auto industry in the United States. 

Piet Dircke, whose firm, Arcadis, helped 
New Orleans design new levees after Hurricane 
Katrina, made his fourth trip from Holland 
to Miami last summer to participate in a work- 
shop with architects and engineers. Dircke and 
representatives of four other Dutch firms drew 
beautiful sketches showing adaptive designs 



for vulnerable areas. 

“Our delta is one of the best places to invest 
your money,” he says. “Rotterdam is a showcase 
for the world for being an adaptive city. Singa- 
pore, Copenhagen, Stockholm — these are all 
cities that emphasize their water identity and 
make it a sales objective. Miami could become 
a water city.” 

It will take technology not yet imagined to 
overcome the challenges posed by South Flori- 
da’s unusual geology: the limestone bedrock that 
is both a blessing and a curse. Mined, limestone 
provides fill to build roads and create what con- 
stitutes high ground. In its natural state, it’s a 
porous sponge. Water runs through it. It can’t 
be plugged. Seawalls can be raised — as the city 
of Miami Beach has ordered. But seawalls, no 
matter how high, can’t stop water that bubbles 
up from beneath. 

Even the Dutch would have difficulty protect- 
ing the narrow, seven-mile barrier island that is 
Miami Beach, a top tourist destination. 

“Welcome to ground zero of ground zero,” 
says Bruce Mowry, the city engineer, when I 
meet him at the corner of 20th Street and Pur- 
dy Avenue, one of the lowest points in Miami 
Beach. He’s basking in the afterglow of success: 
$100 million and 20 new pumps kept the city 
mostly dry during the October king tide. A year 
earlier a kayaker had paddled along Purdy — not 
exactly the kind of image that attracts tourists. 

The new pumps are part of a $300 million 
overhaul of the city’s antiquated storm drainage 
system. With 80 new pumps, Mowry hopes to 
buy Miami Beach another two or three decades. 
By then, according to the Union of Concerned 
Scientists, the city could face 237 floods a year. 

“Miami Beach will never not exist,” he says. 
“But it will exist in a different way. We may have 
floating residential areas. We could have elevated 
roads built up on pilings. We could convert a 
transportation corridor to water. People ask me, 
‘Bruce, can this be done?’ I say, ‘It can be done, 
but can you afford it?”’ 

The city has begun an experiment in elevat- 
ing roads and sidewalks, starting with Purdy 
Avenue, where a building with a cafe, liquor 
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store, and dress shop flooded badly in 2013. The 
sidewalk and street will be raised by two feet, 
which should keep water from sloshing into the 
shops. Two feet won’t solve the problem. But 
with funding and community support uncertain, 
city othcials decided to start small. “Two feet 
buys the life of this building,” Mowry says. “You 
can’t come in and make radical changes.” 

IF MIAMI HAS A FUTURE as one of the 

world’s water cities, it probably will look more 
like the Florida Keys than Stockholm. And so I 
make the trip down the Overseas Highway to Key 
West, past houses on stilts, marine-equipment 
shops, and pine trees dying from saltwater poi- 
soning. Golf courses in the Keys are now planted 
with salt-tolerant grass. 

The islands are the exposed remnants of an 
ancient coral reef Most are less than five feet 
above sea level. Reefs can protect coastal regions 
from storm surges. If healthy, reefs can keep up 
with sea-level rise, growing higher as the ocean 
rises. But much of the reef off Florida died in the 
late 1970s from disease. 

“When you dive on the reef today, it’s an 
absolute boneyard of dead coral,” says Chris 
Langdon, a University of Miami oceanographer. 
Warmer, more acidic oceans are keeping the reef 
from recovering. Langdon is working to identify 
a coral that can tolerate those conditions. 

“One way to think of their economic value is 
to imagine if this job went to the Army Corps, 
and they had to build a seawall 150 miles long, 
and every few years they had to build it a little 
higher,” he says. “The reefs do that for free.” 

The highway, also known as US. 1, strings 
together the island chain with 42 bridges. The 
population in the Keys is limited to the number 
of people who can be evacuated by vehicle with- 
in 24 hours, ahead of approaching hurricanes. 

Chris Bergh of the Nature Conservancy joins 
me at Big Pine Key. He arrived in the Keys from 
Pennsylvania as a toddler in the back of his par- 
ents’ 1973 Volkswagen bus and has no plans to 
move. “I’ve got a six-year-old,” he says. “I expect 
I’ll live out my days here, and he will not. At 
some point an economist is going to say, ‘Look, 



it’s going to cost one billion dollars to redo US. 1, 
and that’s only going to buy us 20 more years.’ 
The question is. What will it cost us to buy time 
so we can keep on keeping on?” 

The end of the line is Key West, closer to 
Havana than to Miami. At City Hall we meet 
up with Don Craig, a planner who’s worked for 
the city for more than two decades. The city has 
spent millions in recent years to add pumps, 
construct a fire station at a higher elevation, 
and rebuild portions of the seawall that nearly 
encircles the island. But options are limited. 

Raising elevations on any large scale is out 
of reach. “We do not have a nearby source of 
fill material,” he says. “We’re 118 miles from the 
major rock quarries.” 

When Craig tells people that the Keys’ life- 
line, the highway, will lie underwater someday, 
it elicits four responses. “Some become fearful,” 
he says. “Some say, ‘Well, I’ll be dead, so I don’t 
care.’ Others say, ‘There is not a consensus that 
this is going to happen, so why are you telling us 
this?’ The other reaction is mute silence.” 

Craig’s own response: migrate. 

He knows something about that. “My parents 
were Okies,” he says. During the Dust Bowl years 
they lost the family farm in Oklahoma and moved 
to California, where Craig was born. Some 2.5 
million people left the Great Plains in the 1930s 
to escape the largest man-made environmental 
catastrophe in American history to date. 

THERE’S SOMETHING SURREAL about 
the pace of construction in a region that may 
be inundated by 2100. On an early morning 
flight over northwest Broward County, I watch 
a dredge scooping up fill to form finger penin- 
sulas on a man-made lake in a housing tract be- 
ing built against the Everglades. On a boat ride 
up the Miami River in downtown Miami, I pass 
a 1.25-acre parcel right on the river’s edge that 
sold for $125 million last spring — a record price 
here. Nearby, the one-billion-dollar Brickell 
City Centre, under construction on nine acres, 
is so enormous it has a cement plant on-site. 
Across town a $600 million convention center 
with an 1,800-room hotel is planned. 
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Just a few feet of sea-level rise would shrink 
the Florida Keys to a fraction of their current 
size and submerge portions of the Overseas 
Highway, which links them to the mainland. 



The biggest economic challenge posed by cli- 
mate change in South Florida may be one that 
business leaders are loath to discuss — that fear 
of this slow-speed crisis could stall development. 

“It’s almost like, ‘Shhhh. Don’t talk about it,’ 
and so it’s not real,” says Richard Grasso, an en- 
vironmental law professor at Fort Lauderdale’s 
Nova Southeastern University. 

But privately, quietly, conversations are un- 
der way. Last fall executives from the region’s 
big banks, insurers, and development compa- 
nies convened an invitation-only roundtable in 
Miami with Lloyd’s of London. One insurance 
executive told the group that homeowners in 
some vulnerable areas already pay premiums 
that are higher than their mortgage payments. 

“There was concern that rising insurance 



rates are not sustainable and people may be left 
with no recourse but to leave Miami or go un- 
insured, which is not an option for those with 
mortgages,” says Kerri Barsh, a Miami land-use 
attorney who represents Dutch Docklands. “If 
insurance costs continue to spiral upward, they 
could have a negative cascading effect on the 
South Florida economy and beyond.” 

Unaffordable insurance could trigger an 
economic calamity that would make the 2008 
housing-market collapse here seem like an incon- 
venience. If homeowners couldn’t get insurance, 
bankers would stop lending, which would create 
a shortage of cash, which would cause property 
values to decline and the region’s economy to tank. 

One way to keep the building boom going 
is for civic leaders to not look too far into the 
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future. Thus the four southern counties’ focus 
on 2060 instead of 2100. There’s a certain logic 
to that. The average life span of most buildings 
is 50 years, and Miami, a mere 119 years old, is 
continuously rebuilding itself 

“They don’t want to look beyond two feet of 
sea-level rise. This was a deliberate thing not to 
be too scary,” Wanless says. “So there’s going to 
be a lot of throwing money in the ocean before 
we realize it’s time to move on.” 

Phil Stoddard, in his third term as mayor of 
South Miami, is one of the few politicians will- 
ing to talk about when that time might come. 
He met me at his house, a one-story stucco bun- 
galow with stone floors (Flood Prep 101), solar 
panels on the roof and a large pond that takes 
up most of the backyard, where he and his wife 



swim with Lola the koi and an eight-year-old 
bass named Ackwards. 

“I tell people to buy high, sell low,” he says 
drily, pausing to allow the joke to sink in. 

Stoddard, also a biology professor at Florida 
International University in Miami, came up with 
his own scenario, doodled during a long, dull 
meeting about climate change that dwelled on 
sea oats, a native grass whose roots hold dunes 
in place. “I said to myself We’re looking at some- 
thing majorly disastrous here — and we’re talking 
about sea oats?” he recalls. 

He drew a graph with three lines that show 
population, property values, and sea level all 
rising. Then abruptly, population growth and 
property values plummet. 

“Something is going to upset the applecart,” 
he says. “A hurricane, a flood, another foot of 
sea rise, the loss of freshwater. People are going 
to stop coming here and bail.” 

He thinks a real estate sell-otf is inevitable. 
Before that happens, he wants his constituents to 
be informed. “People ask me this question, ‘I’m 
X years old. I have X amount of net worth in my 
house. What should I do?’ I say, ‘If you need the 
value of that house to retire or to live on, then 
you want to cash out at some point. It doesn’t 
have to be this year. But don’t wait 20 years.’” 
Not long ago Stoddard attended a meeting 
where Wanless presented his analysis show- 
ing that the accelerating disintegration of the 
ice sheets will lead to a more rapid rise of sea 
levels — faster and higher 
than the federal govern- 
ment’s projections. That 
night, as Stoddard and 
his teenage daughter 
walked on moonlit Mi- 
ami Beach, he shared 
what he’d heard. 

“She went silent, and 
then said to me, ‘I won’t 
be living here, will I?’ 

And I said, ‘No, you 
won’t.’ Kids get it. Do you 
think we should tell their 
parents?” □ 



■ MORE ONLINE 
ngm.com/more 



Reef Revival? 

Florida’s coral reef, 
which protects 
the southern coast 
from storm surges, 
has been severely 
stressed since 
the late 1970s. Can 
scientists at the 
University of Miami 
restore nature’s 
barrier? 
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The Cost 
of Climate 
Change in 
2050 

Higher seas mean greater financial 
exposure for coastal cities, where 
populations are growing and the value 
of buildings and infrastructure is 
increasing. More frequent flooding 
would likely disrupt insurance under 
writing and with it the financing that 
drives development in cities such as 
Miami. If sea levels rose just 16 inches 
by 2050, the flood damage in port 
cities could cost a trillion dollars 
a year. With ingenuity and significant 
investment, new fortifications might 
limit flooding, but cities would need to 
keep improving and maintaining them. 
Inevitably an extreme weather event 
would overwhelm defenses. World 
Bank researcher Stephane Hallegatte, 
who has estimated how much such 
events could cost urban areas at mid- 
century, says, “Protection protects us 
until it fails.” 
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Drowning 

World 

Story and Photographs by 

GIDEON MENDEL 



E xtreme weather, sometimes related to 
climate change, seems to be everywhere 
these days. And yet it can be hard to see 
the impact on individual lives. I began 
documenting that impact in 2007, when 
I photographed two floods that occurred within 
weeks of each other, one in the U.K. and the other in 
India. I was deeply struck by the contrasting effects 
of these floods and the shared vulnerability that 
seemed to unite their victims. 

Since then I have visited flood zones around the 
world, traveling to Haiti, Pakistan, Australia, Thai- 
land, Nigeria, Germany, the Philippines, and the U.K. 
again. In flooded landscapes, life is suddenly turned 
upside down, and normality is suspended. 

Portraits rest at the heart of this project. I often 
follow my subjects as they return home through deep 
waters, and work with them to create an intimate 
image in their flooded homes. Though their poses may 
be conventional, their environment is disconcertingly 
altered. Often they’re angry about their circumstances 
or the inadequate response from the authorities. Many 
want their plight to be witnessed and want the world 
to know what has happened to them. 

I shoot on film with old RoUeiflex cameras. Digital 
would be easier, but the texture of film has a particu- 
lar quality for me, and the process of using an old 
camera adds formality and gravitas to the situation. 

The flood is an ancient metaphor in many cultures, 
a destructive force that renders humans powerless. 

As weather becomes more extreme, the biblical is 
becoming literal. □ 

In 2011 Thailand’s worst floods in 50 years swamped 
the village near Bangkok where Wilaiporn Hongjantuek 
lives— but she still went to the store to shop for her family. 
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Storms that swept the British Isles during the winter of 2013-14 
brought record rainfall and widespread flooding to parts of 
England. In a plains region locally known as Somerset Levels, 
thousands of acres of agricultural land were underwater for a 
few months, including Roger Forgan’s farm. 
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In the Somerset village of Burrowbridge, builder Dave Donaldson 
and his daughter, Heather, 12, pose in their flooded home. Though 
the rest of his family evacuated for a time, Dave stayed to try 
to save the livestock from the watery devastation that he says 
“looked like something out of a weird disaster movie.” 



DROWNING WORLD I3I 





Joseph and Endurance Edem, with son Godfreedom and 
daughter Josephine, stand before their gated home in 
igbogene, Nigeria, in 2012 Nigeria endured its worst fiooding 
in a half century, “i was scared," says Josephine, “and thought 
we were going to die in the water." At ieast 360 peopie did. 
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Between July 2011 and January 2012, 65 of Thailand’s 77 
provinces were declared flood disaster zones. The monsoon- 
driven floods that deluged his home near Bangkok had 
“something to do with climate change,” says Sakorn Ponsiri. 
“It could happen again... We will have to be more prepared.” 



134 NATIONAL GEOGRAPHIC • FEBRUARY 2OI5 







Floodwaters surround a house and school building near 
Muzaffarpur in the Indian state of Bihar. People described the 
2007 floods there as the worst in living memory. The flooding 
closed schools, affected millions of people, and claimed more 
than a thousand lives. 
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The 2014 floods in England “felt surreal,’’ says Jeff Waters, here 
with his wife, Tracy, in their garden in Staines-upon-Thames. The 
water stopped rising just short of their doorsill. To the west, in the 
village of Moorland, Shirley Armitage wasn’t as lucky: Chest-deep 
water filled the house (above) that her father built in 1955. 
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In the Loupe 

With Bill Bonner, National Geographic Archivist 




An optometrist’s shop sign looks up from the loupe In this 1 91 4 
street scene In Zacatecas, Mexico. Rebel leader Rancho Villa’s 
forces had just taken the crucial railway town from President 
VIctorlano Huerta’s federal troops. The Battle of Zacatecas was 
one of the Mexican Revolution’s bloodiest. Some 7,000 died; 
thousands more were wounded. 

This photograph was likely acquired for, though not pub- 
lished In, stories on Mexico that ran in the July 1 91 6 Issue 
of National Geographic. The man shown carrying a coffin (at 
center) is perhaps the only clue to the message Inscribed on the 
back of the print: that this picture was once among “the latest 
war photos.” —Margaret G. Zackowitz 
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Did you know a group of 
sea turtles is called a bale? 



Did you also know a group of National Geographic members 
who insure their car with GEICO are called Savers? That’s right, 
as a member and subscriber of Nat Geo, you could save even 
more on your car insurance with a special discount. Join your 
fellow members who already insure their car with GEIGO, and 
you could end up saving a bale of money, too. 
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of Government Employees Insurance Company, Washington, D.C. 20076; a Berkshire Hathaway Inc. subsidiary. © 2014 GEICO 
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so YOU CAN 



Rent a motorbike in Milan 
Head for Cinque Terre 
Walk along the Via dell’Amore 




Seal your love with a padlock on the bridge 
And discover the thrill of cliffside dining 



No foreign transaction fees 
2X points on travel and dining at restaurants 

Learn more at chase.com/sapphire 
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